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1.0 INTRODUCTION 


The Western Digital Imaging WD90C30 is a 0.9 
micron CMOS VLSI device that allows the design 
of a VGA graphics subsystem to interface with the 
PC/XT/AT bus, as well as the IBM Micro Channel 
bus, while maintaining backward compatibility 
with previous video standards such as MDA, 
EGA, CGA, Hercules and AT&T 6300. A major 
advantage of the WD90C30 is that designs im- 
plementing this graphics controller are able to run 
applications requiring VGA hardware and BIOS 
compatibility, and also EGA register level com- 
patibility on analog, TTL, or multifrequency 
monitors, in interlace or non-interlace mode. The 
WD90C30 supports high resolution graphics with 
1024 by 768 dot resolution and 256 colors. The 
WD90C30 also supports 132-column text mode 
and 6-16 pixel fonts. 


This data book supplies a functional overview, 
signal pin details, a block diagram, internal 
register descriptions, AC/DC characteristics, 
timing diagrams, VLSI package information, and 
associated references. 


1.1 FEATURES 


¢ Provides single chip video graphics solution 
for IBM PC, XT, AT, and PS/2 compatible 
systems. 

¢ Supports two, four or eight 64 Kbyte by 16 
DRAMs; four or eight 256 Kbyte by 4 
DRAMs; and one or two 256 Kbyte by 16 
DRAMs. 

¢ Pin compatible with the WD90C31. 

¢ 100% hardware compatible with IBM’s VGA 
and EGA with hidden register support. 

e 100% CGA, MDA, Hercules Graphics, and 
AT&T Model 6300 compatible. 

¢ Supports all IBM VGA modes with two 64K 
by 16 DRAMs or only one 256K by 16 
DRAM. 

e With more DRAMS installed it can support 
256 colors at the following resolutions: 640 
by 400, 640 by 480, 800 by 600, and 1024 
by 768. 

¢ Supports 132-column text. 
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Write buffer for zero wait state CPU write 
performance. 

8-bit or 16-bit data bus for I/O and memory. 
True 16-bit CPU to video memory transfer 
for all modes. 

Provides 16-bit or 32-bit memory interface 
with fast page operations. 

Up to 80 MHz maximum video clock rate. 
Up to 50 MHz maximum memory clock rate. 
Up to four simultaneous displayable fonts. 
6-16 pixel-wide fonts. 

A maximum of 16 fonts can be loaded. 
Provides adapter video BIOS ROM 
decoding. 

Eleven-bit vertical counter to support scan 
resolution of up to 2048 scan lines. 

Special double scanning and underline. 
Special display enable or blanking output 
signal. 

Special border disable. 

Lockable palette, RAMDAC, and overscan 
registers. 

Special CRTC shadow registers for support 
of non-standard monitors. 

Special register locking for flat panel 
applications. 

Supports 16-bit I/O register transfer to 
index/data register pairs. 

Adjustable internal FIFO and fast page 
memory interface. 

Low power 0.9 micron CMOS technology. 
132-pin PQFP (Plastic Quad Flat Package). 
144-pin MQFP Pin Package. 

Integrated Feature connector interface and 
external RAMDAC support. 

Integrated bus interface for PC/XT/AT, and 
Micro Channel with minimum external 
component support. 

Programmable memory mapping register to 
map WD90C30 into any CPU memory 
address space. 

Eight-bit CPU address offset register to 
support 1 Mbyte memory segmentation. 
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2.0 WD90C30 ARCHITECTURE 


The WD90C30 contains four major internal 
modules, the CRT Controller, the Sequencer, the 
Graphics Controller and the Attribute Controller. 
The WD90C30 also has four major interfaces: the 
CPU and BIOS ROM interface, the DRAM Display 
Buffer interface, the Video and RAMDAC interface 
and the Clock interface. 


An internal four-level write buffer is used to 
achieve fast memory write. A zero wait state may 
be achieved with a 32-bit video memory interface 
for most memory write operations. 


An internal FIFO is used to achieve the video dis- 
play bandwidth necessary to interleave CPU ac- 
cesses and display refresh cycles. 


The CRT Controller module maintains screen 
refresh functions for the various display modes 
defined by the BIOS ROM resident firmware. The 
CRT Controller module also generates horizontal 
sync (HSYNC), vertical sync (VSYNC), and blank- 
ing signal for the display monitor. 
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The Sequencer functions as a timing generator for 
the display memory cycles. It provides the charac- 
ter clock in the alphanumeric mode, and the dot 
clock in the graphics mode. The sequencer ar- 
bitrates between video display refresh, memory 
refresh and CPU access of the video memory. 
The sequencer also provides write buffer control. 


The Graphics Controller manipulates the data flow 
between the CPU and the video memory for both 
CPU write and CPU read cycles. 


The Attribute Controller serializes the video 
memory data into video data stream, according to 
different display formats. It controls blinking, un- 
derlining, cursor, pixel panning, reverse video, 
and background or foreground color in all display 
modes. | 


VIDEO 
MEMORY 
256 KB - 1 MB 


ANALOG/DIGITAL 
COLOR/MONO MONITOR 


FIXED OR 


VARIABLE 
SCAN 


RAMDAC 





FIGURE 1. SYSTEM BLOCK DIAGRAM 
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3.0 WD90C30 INTERFACES 
3.1. CPU AND BIOS ROM INTERFACE 


The WD90C30 is designed to operate in both the 
PC/XT/AT Bus and the PS/2 Micro Channel Bus 
architecture configurations. The selection of the 
mode depends on the setting of a configuration 
register bit CNF(2), which is determined upon 
power-up/reset, and is described in the WD90C30 
Configuration Bits section of this data book. 


Whether configured for either AT or Micro Chan- 
nel operation, the WD90C30 operates functionally 
in a manner conducive to PC/XT/AT or Micro 
Channel interfacing. The signal pins, memory 
maps, and |/O ports all operate to optimize this 
interface with minimal external circuitry. 


The WD90C30 provides all the signals, and 
decodes all the necessary memory and |/O ad- 
dresses to interface with the AT bus or the Micro 
Channel bus, in 8-bit or 16-bit data path modes. 
WD90C30 also provides the necessary decoding 
of the adapter video BIOS ROM. Using the 
provided signals, the customer can implement 
designs which operate in 8-bit or 16-bit mode and 
control an 8-bit or 16-bit BIOS ROM. 


The I/O data path can be programmed to be 
either 16-bit or 8-bit. The CPU to display buffer 
data path can also be eight or sixteen bits wide 
for all modes. ROM16, |0CS16, and MEMCS16 
signals are generated by the WD90CS30. 








The WD90C30 has a display memory write buffer 
which holds the CPU write data until it can be 
transferred to the display memory, allowing the 
CPU to continue. This feature greatly reduces 
CPU wait states while writing to the video 
memory. 


The WD90C30 provides the necessary wait states 
for CPU accesses to the video memory, if neces- 
sary. Wait states for /(O accesses and BIOS ROM 
accesses are not generated. 


Special I/O ports such as 46E8H for the AT (or 
03C3H for Micro Channel) for setup, and 102H for 
VGA enable, have been implemented internally in 
the WD90C30. 


3.2 DRAM INTERFACE 


The WD90C30 has a very flexible DRAM inter- 
face. It can work with two, four, or eight 64Kbyte 
by 16 DRAMs with a 32-bit memory interface. It 
can also work with four 256 Kbyte by 4 DRAMs 
and one 256 Kbyte by 16 DRAM with a 16-bit 
memory interface. Other possible configurations 
are eight 256 Kbyte by 4 DRAMS or two 256 
Kbyte by 16 DRAMS with a 32-bit memory inter- 
face. In all cases the WD90C30 uses the DRAM 
fast page mode to optimize performance. 


The WD90C30 can support all standard IBM VGA 
modes with only two 64K by 16 DRAMs. Because 
it uses a 32-bit memory interface and has internal 
write buffer, the WD90C30 can update the video 
memory without inserting wait states to the AT bus 
for most standard IBM VGA modes. 


When_ additional DRAMs are _ installed, the 
WD90C30 is capable of supporting high resolu- 
tion video modes (1024 by 768 with 256 colors, 
non-interlaced at 72 Hz vertical refresh rate). 


The WD90C30 is designed to support DRAM (60 
ns, 70 ns, 80 ns, and 100 ns) with the dedicated 
MCLOCK which can operate from 32 MHz to 50 
MHz maximum. 


The WD90C30 generates fast page DRAM timing 
for all the CPU accesses, graphics display and 
text display (a choice of page mode and non-page 
mode operation is provided to access fonts in text 
modes). 


The WD90C30 also generates CAS before RAS 
DRAM refresh for the display memory. 


3.3. VIDEO INTERFACE 


The WD90C30 is optimized to connect to an 
analog CRT monitor through a RAMDAC, but it 
may also be used to drive other types of displays, 
such as TTL monitors. In interfacing to an analog 
monitor through an external RAMDAC, the 
WD90C30 provides all the necessary signals to 
interface to the video RAMDAC. 


The video interface for a CRT is very dependent 
on the CRT requirements and the resolution and 
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WD90C30 


depth (bits/pixels) of the image desired. New 
monitors, such as multifrequency monitors, are less 
stringent because of the many sync frequencies 
available. The WD90C30 can be programmed to 
directly generate all the CRT signals for up to 
eight bits/pixel (256 color) displays. 


The Micro Channel Auxiliary Video Connector and 
the AT Feature Connector can be connected 
directly to the WD90C30. The WD90C30 also 
provides an input for a monitor type detection in- 
terface as done on the IBM VGA using com- 
parators. 


3.4 CLOCK INTERFACE 


~The WD90C30 has four clock input signal pins; 
the separate memory clock, MCLK, which drives 
the DRAM and bus interface timing; and the three 
video clocks, VCLKO, VCLK1, and VCLK2, which 
drive the video timing. VCLK1 and VCLK2 can 
also be programmed as outputs to provide the 
option to externally control a multiplexer that sup- 
plies the video clock. The MCLK can also be 
selected as a memory clock or video dot clock. 


WD90C30 INTERFACES 


3.5 WD90C30 POWER-UP CONFIGURATION 


The WD90C30 uses the memory data pins to 
configure an internal configuration register upon 
power-up-reset. CNF(2) determines whether the 
WD90CS30 will operate in AT or Micro Channel 
Architecture (MCA) implementation. Other CNF 
bits configured by the WD90C30 at power-up- 
reset are used as status bits or for clock source 
control. For more information on WD90C30 
power-up configuration, refer to Section 7.10, 
Configuration Bits. 
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WD90C30 SIGNAL DESCRIPTION 


4.0 SIGNAL DESCRIPTION 

Table 1 provides a list of pin assignments for the — trolled by the WD90C30, and both the PQFP 
132-pin PQFP package. Table 2 provides a listof © and MQFP pins are identified. The WD90C30 
pin assignments for the 144-pin MQFP package. | mnemonics are used. 

Table 3 provides a description of the signals con- 


PIN #1 ID 


PIN #1 ID 





FIGURE 4. 144-PIN MQFP PACKAGE 
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SIGNAL DESCRIPTION 
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TABLE 1. WD90C30 132-PIN PQFP PIN ASSIGNMENTS 
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TABLE 2. WD90C30 144-PIN MQFP PIN ASSIGNMENTS 
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SIGNAL DESCRIPTION WD90C30 


PINNUMBER | MNEMONIC | TYPE | DESCRIPTION 
PQFP_ - MQFP 


POWER ON 


RESET: This signal input resets the WD90C30. 
MCLK and VCLKO should be connected to 
WD90C30 in order for the WD90C30 to initialize 
during Reset. Western Digital configuration bits are 
initialized at power-up reset based on the logic level 
on the MD(15:0) bus as determined by pull-up/pull- 
down resistors. The reset pulse width should be at 
least 10 MCLK clock periods. 































CLOCK SELECTION 
4 - 130 MCLK | 
128-121 | 


VCLKO 


MEMORY CLOCK: This clock signal determines the 
VGA DRAM timing as well as system interface con- 
trol timing. MCLK should be a minimum 37.5 MHz 
for 80 ns DRAMS. 


VIDEO CLOCK 0: This input is the video display 
clock for alphanumeric and graphics display modes. 
Typically, VCLK is 25.175 MHz to display 640 pixels 
per horizontal display line. The Miscellaneous Out- 
put Register bits 2 and 3, both set to 0, will select 
this clock if VCLK1 and VCLK2 are used as inputs. 


VIDEO CLOCK 1: This pin can be a second video 
display clock input or an output to external clock 
selection module. Pin direction is determined on 
Reset by a pull-up/down resistor on Pin MD3. A 
VCLK1 input frequency of 28.322 MHz is used to dis- 
play 720 pixels per horizontal line. When it is an out- 
put, VCLK1 is an active low pulse during |/O writes 
to port 3C2H (or it reflects the contents of 03C2, Mis- 
cellaneous Register, Bit 2). Refer to the Configura- 
tion Register and PR15 Register, Bit 5 description. 


130 - 123 VCLK2 [/O VIDEO CLOCK 2: A third video display clock input 
or an output to external clock selection module. Pin 
direction is programmed simultaneously with that of 
VCLK1. Acts as a user-defined external clock input, 
or an output reflecting the content of Bit PR2(1) (or it 
reflects the contents of 03C2H, Miscellaneous 
Register, Bit 3) if CNF(3) is set to "1". See the Con- 
figuration Register and PR15 Register, Bit 5 descrip- 
tion. 

























TABLE 3. SIGNAL DESCRIPTION 
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WD90C30 SIGNAL DESCRIPTION 


PINNUMBER | MNEMONIC TYPE | DESCRIPTION 
PQFP - MQFP 


HOST INTERFACE 


ADDRESS BUS (A23 - A17): These address bits 
should be connected to address bus 

SA(23:17) in Micro Channel Mode. In AJ Mode 
A(23:17) should be connected to LA(23: 17yof the AT 
address bus. 


A16 ADDRESS BUS (A16): Bit SA16 of CPU address 
bus 
ALE 


ADDRESS LATCH ENABLE: In AT mode, A(23:17) 
are latched internally at the falling edge of the ALE. 

In Micro Channel Mode, ALE should not be used and 
should be connected to VSS. 


ADDRESS /DATA BUS: This is the multiplexed 
CPU address and data bus. 


EABUF = 0: Enables the external address buffer. 





EDBUFL = 0 or EDBUFH = 0: Enables the external 
bidirectional data buffers. 


DIR controls the data flow for the data buffer. 


lIOCHRDY READY: This active high output signal indicates to 
the system processor that a memory access is com- 
pleted. It is used to add wait states to the CPU bus 
cycles during video memory accesses. It may be 
pulled inactive by the WD90C30 to allow additional 
time to complete a bus operation. This signal is not 
generated on I/O cycles and accesses to the BIOS 
ROM. 





TABLE 3. SIGNAL DESCRIPTION (Continued) 
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SIGNAL DESCRIPTION ‘WD90C30 





PINNUMBER | MNEMONIC TYPE | DESCRIPTION 16 
Par : MOF 











IRQ/(IRQ) INTERRUPT REQUEST: Programmable processor 
interrupt request. It is enabled via Bit 5 in the Vertical 
Retrace End register. It is active high in AT mode and 
active low in Micro Channel Mode. When the end of 
Vertical Display occurs, this signal will be active, 
causing the interrupt. It will stay active until CRTC11 
Bit 4 clears it. In an AT system IRQ is usually not con- 
nected, but may be connected if desired. IRQ is used 
to generate interrupt, usually in the Micro Channel 
Mode. 


MEMCS16/ MEMORY CHIP SELECT 16 BITS: In AT mode, this 
line is used to respond the host to enable 16-bit 
video memory data transfer. In Micro Channel Mode, 
this line is used to indicate 16-bit video memory or 
I/O access. 


ENABLE I/O: In AT mode, this active low signal is 
used to enable I/O address decoding and is con- 
nected directly to the system bus signal AEN (ad- 
dress enable). In Micro Channel Mode, this line 
comes from I/O port 3C3H Bit 0 to enable video sub- 
system memory and |/O address decoding. ("1" = 
enable) 


ENABLE BIOS ROM: This is an active low signal to 
enable BIOS ROM (COOO0H - C7FFFH) if enabled by 
PR1(0). Awrite to WD90C30 internal I/O port ad- 
dress 46E8H causes this signal to be used as a write 
strobe for an external register used in BIOS ROM 
page mapping. 
ENABLE HIGH-TO-LOW: (for 16-bit BIOS) If only 
an eight-bit CPU interface is used, this output 
enables a data buffer to allow reading of the upper 
byte of ROM data on the lower data bus when two 
ROMs (16-bit) are supported. 


ENABLE MEMORY: This signal enables memory 
decoding when high. It is normally connected to the 
| Refresh signal. _ a 
72 - 60 BHE BYTE HIGH ENABLE: BHE should be connected to 
BHE of the AT or Micro Channel bus. 








(CDDS16) 
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BHE, SAO = 00 - Word transfer 
= 01 - High byte transfer 
= 10 - Low byte transfer 
= 11 - Illegal 





NOTE: TABLE 3. SIGNAL DESCRIPTIONS (Continued) 


(__) Micro Channel only. 
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SIGNAL DESCRIPTION 


PINNUMBER | MNEMONIC | TYPE | DESCRIPTION 
PQFP_ - MaFP 


wal 














ZERO WAIT STATE: This active low signal can be 
used to generate zero wait states to the AT bus. This 
signal can be programmed by the PR33 register, bits 
7 and 6 in the following ways: 

OWS = 0 if write cache is not full. 

OWS = O if valid memory address decode AND write 
cache is not full. In this case OWS = 0 should be 
ANDed externally with MWR to generate zero wait 
state strobe. 

OWS = O if valid memory address decode AND write 
cache is not full and MWR is active. 

OWS = 0 if valid memory address decode AND write 
cache is not full and MWR is active; OR if valid I/O 
address decode and IOW is active. 


MEMORY READ: In AT mode, this signal is called 
MRD and is an active low memory read strobe. In 
Micro Channel mode, the signal is called M/O. It dis- 
tinguishes between memory and I/O cycles. When 
(M/IO) is high, a memory cycle is in process. A low 
on (M/IO) shows that an I/O cycle is in process. 


MEMORY WRITE: The Active low memory write 
strobe in AT mode. In Micro Channel mode, it be- 
comes SO and is the channel status signal which indi- 
cates the start and type of a channel cycle. Along 
with S1, M/IO, and CMD signals, it is decoded to in- 
terpret I/O and memory commands. 


1/O READ: Active low I/O read strobe in AT mode. In 
Micro Channel mode, it becomes S1 and is the chan- 
nel status signal which indicates the start and type of 
a channel cycle. 


/O WRITE: Active low strobe. In AT mode, the strobe 
signals an I/O write. In Micro Channel mode it is the 
bus data strobe CMD. Address bus validity is sig- 
naled by CMD going low while the rising edge of 
CMD indicates the end of a Micro Channel bus cycle. 


1/O CHIP SELECT 16 BITS: In AT mode, this signal 
is used to respond to the host to allow 16-bit I/O ac- 
cess. In Micro Channel Mode, this signal is driven by 
the host to individually select channel connector slots 
during system configuration. 














































































TABLE 3. SIGNAL DESCRIPTIONS (Continued) 


78 - 66 | MRD/(M/O) 
79 ~- 67 | MWR/SO) 7 
a a 
_ ne 
70 - 58 | 10CST6 VO 
(CDSETUP) 
NOTE: 


(_ — ) Micro Channel only. 





16-12 


2/11/92 ff 


SIGNAL DESCRIPTION WD90C30 


PINNUMBER | MNEMONIC | TYPE | DESCRIPTION 
PQFP_ - MOFP 


100 DIRECTION CONTROL: Active high Direction Con- 
trol for external bus buffers in AT and MCA implemen- 
tation. The default state is low until a read cycle oc- 
curs. The WD90C30 will then drive DIR high to 
change the direction of the data buffers. 

EDBUFH ENABLE DATA BUFFER HIGH: Active low signal 
that allows control of an external data buffer for data 
bits D(15:8). 

109 - 100 EDBUFL ENABLE DATA BUFFER LOW: Active low signal 
that allows control of an external data buffer for data 
bits D(7:0). 

EABUF ENABLE ADDRESS BUFFER: Active low signal 
that allows control of an external address buffer. 


ROM16/(CSFB)/ BIOS ROM SELECT 16 BITS: (AT Mode) Active low 

EXBLANK output. This signal decodes o ROM address 
LA(23:17) for space OC0000 - ODFFFF. It may be 
combined with SA15 and SA16 externally to control 
MEMCS$16 for the address space C0000 - C7FFF. If 
CNF(17) is set to 0 at power up reset, the ROM16 
address decoding is disabled. ROM716 then reflects 
the status of PR1 bit 1. 
CARD SELECT FEEDBACK: (Micro Channel 
Mode) Active low output. This signal is used as 
Card Selected Feedback to provide positive acknow- 
























































ledgement of its presence at the host's addresses 
specified. 






EXTERNAL BLANK: (AT or Micro Channel Mode) 
If CNF(18) is set to zero (MD18 = 0 at power-up 
reset), this signal becomes an active low input. 









EXBLANK = 1: enables BLANK, VSYNC, and 
HSYNC outputs. 

EXBLANK = 0: tristate BLANK, VSYNC, and 
HSYNC outputs. 


TABLE 3. SIGNAL DESCRIPTION (Continued) 





NOTE: 
(__) Micro Channel only. 





a 71 2/11/92 16-13 





WD9I0C30 SIGNAL DESCRIPTION 


PINNUMBER | MNEMONIC TYPE | DESCRIPTION 
PQFP_ - MQFP 


DISPLAY MEMORY INTERFACE 


COLUMN ADDRESS STROBE: Active low CAS out- 
put signal (for two, four and eight DRAM configura- 



















41 - 26 CAS 






ROW ADDRESS STROBE: This active low RAS out- 
put signal is the strobe for the 256 Kbyte by 4 or 256 
Kbyte by 16 DRAM interface. If 64 Kbyte by 16 
DRAMS are used, then this signal is the RAS strobe 
for the first 256 Kbyte memory bank. 


ROW ADDRESS STROBE: This active low RAS 
strobe is used only if eight 64 Kbyte by 16 DRAMs 
are used. It controls the third 256 Koyte memory 




















ROW ADDRESS STROBE: This active low RAS 
strobe is used only if eight 64 Kbyte by 16 DRAMs 
are used. It controls the fourth 256 Kbyte memory 








OUTPUT ENABLE: Active low DRAM output enable 
signal (for two, four and eight DRAM configurations). 


WRITE ENABLE: Active low write enable signal for 








WRITE ENABLE: Active low write enable signal for 


WRITE ENABLE: Active low write enable signal for 
MD(23:16). 


7 - 133 WE3 WRITE ENABLE: Active low write enable signal for 
MD(31:24). 


PROGRAMMABLE OUTPUTS 
USRO May be used to control special card or system fea- 
tures (see PR32 register). 
USR1 May be used to control special card or system fea- 
tures (see PR32 register). 


TABLE 3. SIGNAL DESCRIPTIONS (Continued) 



















16-14 - 
6-1 2/11/92 Ga 


SIGNAL DESCRIPTION WD90C30 


PINNUMBER | MNEMONIC | TYPE | DESCRIPTION 16 
PQFP - MQFP 


VIDEO MEMORY DATA 


DISPLAY MEMORY DATA (MD15 through 0): 
These lines are the data bus to the video display 
DRAMS. The MD(18:0) data lines are pulled up by in- 
ternal 50 Kohm resistors or may be pulled down by 
external 4.7 Kohm resistors to provide setup informa- 
tion on power-up (reset) as follows: 


MD POWER-UP REGISTER 
____ FUNCTION CC‘C(BSITZY) 
18 Enable ROM16 
as EXBLANK 
64K by 16 or 256K by 4 
DRAM Select 
EGA SW4/General Purpose 
14 EGA SW3/General Purpose 
EGA SW2/General Purpose 
EGA SW1/General Purpose 
ANALOG/TTL Display 
Set 16-bit ROM 
3C3H or 46E8H 1/O port for 
wake up 
A23-A20 connection 
General Purpose 
General Purpose 
General Purpose 
General Purpose 
VCLK1,2 I/O 
AT/Micro Channel Mode 
1 or 2 ROMs 
BIOS ROM Mapping 
NOTES: 
"" Pulldown resistor sets these bits to logic 1. 
"+" Pulldown resistor sets these bits to logic 0. 
For more details refer to PR and Configuration 
Registers. 


TABLE 3. SIGNAL DESCRIPTIONS (Continued) 
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WD90C30 SIGNAL DESCRIPTION 


PIN NUMBER MNEMONIC | TYPE | DESCRIPTION 
PQFP_ - MQFP 


VIDEO MEMORY ADDRESS 














MA8/RAS2 O MEMORY ADDRESS (MA8 through MAO): Display 
MA7 O memory DRAM address. For testing purposes, 
MA6 O these pins can be tristated by setting Register 
MA5 O PR4(4)=1. 
MA4 O MA8/RAS2 is an active low RAS strobe for the 
MA3 O second 256 Kbyte memory bank if four 64K by 16 
MA2 O DRAMs are used. 

O 

O 

| RAMDAC INTERFACE 








VIDEO (VD7 through VDO): Pixel video data output 
to DAC and to Feature Connector. These lines can 
drive up to a 8 mA load. 








O;OOOWOO0O00 








READ PALETTE: Video DAC register and color 
palette read signal for an external RAMDAC. Active 
low during an I/O read of addresses 3C6H, 3C8H, 
and 3C9H. 


WRITE PALETTE: Video DAC register and color 
palette write signal for an external RAMDAC. Active 
low during an I/O write to addresses 3C6H through 
3C9H. 


PIXEL CLOCK: Video pixel clock output used by the 
DAC to latch video signals VID(7:0). Its source is 
one of the video clock inputs: VCLKO, VCLK1 or 
VCLK2 as determined by the Miscellaneous Output 
Register. 


CRT CONTROL 


BLANK: Active low display monitor blank pulse to 
external RAMDAC. 


HORIZONTAL SYNC: Display monitor horizontal 
synchronization pulse. Active high or low, depending 
on the Miscellaneous Output Register programming. 


VERTICAL SYNC: Display monitor vertical 
synchronization pulse. Active high or low, depending 
on the Miscellaneous Output Register programming. 

















































TABLE 3. SIGNAL DESCRIPTIONS (Continued) 
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FEATURE CONNECTOR SUPPORT 
ENABLE EXTERNAL PIXEL CLOCK: A Feature 
fe 2 [wee CT dS eSSC~—“—SSCS 
VSS Ground 


SIGNAL DESCRIPTION WD90C30 
PIN NUMBER MNEMONIC TYPE | DESCRIPTION 16 
PQFP - MQFP 
132 - 125 EXVID ENABLE EXTERNAL VIDEO DATA: A Feature Con- 
nector input. A low tristates the video data lines 
131 - 124 EXPCLK 
Connector input. A low tristates the PCLK output. An 
internal pullup resistor is provided. 
Ground 
These pins are not connected in the 144-pin MQFP 


ii a ae MONITOR DETECT: This pin is used when the RAM- 
DAC is external. It is used to determine the monitor 
type and can be read at port 3C2H Bit 4. 
VID(7:0). An internal pullup resistor is provided. 
POWER AND GROUND 
Ground 
package 





TABLE 3. SIGNAL DESCRIPTIONS (Continued) 
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5.0 ABSOLUTE MAXIMUM RATINGS 


0°C to 70°C 


-40°C to 125°C . 


-0.3 to 7 Volts 


NOTE 


Stresses above those listed under Absolute Maxi- 
mum Ratings may cause permanent damage to 
the device. This is a stress rating only and func- 
tional operation of the device at these or any other 
conditions above those indicated in the operation- 
al section of the specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect product reliability. 


Ambient Temperature 
Under Bias 


Storage Temperature 


Voltage on all inputs 
and outputs with 
respect to Vss 





















V(OL) Output Low Voltage 


C(I/O) I/O Pin Capacitance 





SYMBOL [ PARAMETER [MIN 

Pik) | put Low Current |= | 10 

rig) [input High Curent [=| HO 
ea 





aa 
| (OUT) | OutputCapacitance | 
cae 





ABSOLUTE MAXIMUM RATINGS 


5.1 STANDARD TEST CONDITIONS 


The characteristics below apply for the following 
standard test conditions, unless otherwise noted. 
All voltages are referenced to Vss (OV Ground). 
Positive current flows into the referenced pin. 







0° to 70°C 





Operating Tempera 
ture Range 


Power Supply Voltage | 4.75 to 5.25 Volts 
Power Dissipation 140 mA 






5.2 DC CHARACTERISTICS 


The WD90C30 outputs have 4.0 mA maximum 
source and sink capability (see Table 4), except 
as follows: 


IRQ, IOCHRDY, OWS, 
MEMCS16, lIOCS16 = 24 mA sink. 





PCLK, VID7:0, BLANK = 10 mA source/sink. 


DRAM Interface = 4 mA source/sink 


(RAS, CAS, WE, OE, MA, MD) 
HSYNC, VSYNC, DA15:0 = 6 mA sink. 
ROM16 = 16 mA sink. 


lIOH=-2.0mMA 


OV<VOUT<VCC 














TABLE 4. DC CHARACTERISTICS 
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AC TIMING CHARACTERISTICS WD90C30 


6.0 AC TIMING CHARACTERISTICS 


The following notes apply to all of the parameters «+ ntimplies n Xt, (n times the period t). e.g. it, 
presented in this section: ot etc. 


¢ #n refers to the spec number in column 1 of 
the same table. 


e All units are in nanoseconds. 


¢ Ci. = 30 pF unless otherwise noted. 


CNUMBER | PARAMETER =| MIN” | MAX 


Reset Pulse Width t = 1/MCLK (For configuration at 
MD Setup to RESET low power up.) 

MD Hold from RESET low 

RESET low to first IOW 





VCLK Period 





VCLK high 

VCLK low 

Clock Rise Time 

Clock Fall Time 

VCLK to PCLK Delay 
VCLK to HSYNC Delay 
VCLK to VSYNC Delay 
VCLK to BLANK Delay 
VCLK to VID(7:0) Delay 


MCLK period 

MCLK high 

MCLK low 

VID(7:0) setup to PCLK 


@ 1/2 VDD 

@ 1/2 VDD 

1V - (VDD - 1V) 

1V - (VDD - 1V) 

45 ns @ 120 pF load 


45 ns @ 120 pF load up to 30 
MHz 

Max 50 MHz, min 33.3 MHz 
@ 1/2 VDD 

@ 1/2 VDD 





VID(7:0) hold from PCLK 


TABLE 5. AC TIMING CHARACTERISTICS 


* Apply to both VCLK and MCLK. 
** VCLKO and MCLK use CMOS level input buffers. V(IL) max = 1.5V, V(IH) min = VDD - 1.5V 
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WD90C30 AC TIMING CHARACTERISTICS 


VO AND MEMORY READ/WRITE AT MODE TIMING 


EMEM setup to MRD, MWR low 

EMEM hold from MRD,MWR high 

A(23:17) setup to ALE low 

BHE, DA(15:0) setup to IOR, IOW, MRD, 

MWR low 

A(23:17) hold from ALE low 

DA(15:0) hold from IOR, OW, MRD, MWR low 
EIO setup to IOR/IOW low 





















DIR hold from IOR and MRD high 
DA(15:0) write data setup to |OW, MWR high 
DA(15:0) read data hold from IOR high or 
MRD high 

DA(15:0) write data hold from IOW, MWR high 
DA(15:0) read data valid after IOR low 

RDY high from MWR/MRD low 

(max is for standard VGA modes) 

Memory read data valid from RDY high 

RDY low from MWR/MRD low 

RDY tristate from MWR/MRD high 

EBROM low from valid A(23:15) 

EBROM hold from MRD high 

WPLT low from IOW low 

RPLT low from IOR low 

PLT high from IOW high 

RPLT high from IOR high 

EBROM low from IOW low (46E8H Port) 
EBROM high from IOW high (46E8H Port) 
VCLK1 low from IOW low (3C2H Port) 
































CL = 100 pF 
CL = 100 pF 















= 
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AC TIMING CHARACTERISTICS WD90C30 


[NUMBER] PARAMETER —~=S~*~*~S IN| AX NOTES 


I/O AND MEMORY READ/WRITE AT MODE TIMING 


VCLK1 high from IOW high (3C2H Port) 
A(15:0) valid to |OCS16 low 

































CL = 100pF 





















IOCS16 hold from IOW high Ci = 100pF 

A(23:17) valid to MEMCS16 or ROM16 low Ci = 100pF 

MEMCS16 tristate from the next active ALE CL = 100pF 

TOR, IOW, MWR, MAD high t = '/MCLOCK 
Note 2 

IOR, IOW, MWR, MRD low t ='/MCLOCK 
(Note 3) 









ALE pulse width 
OWS, low from IOW, MWR low CL = 100pF 
Depends on setting of PR31 (8C5H, index 11H) bits 4,3. t= /MCLOCK 
00 - Max 40 

01 - Max 40 + It 

10 - Max 40 + 2t 

11 - Max 40 - It 










Minimum of #30a should be the greater of 2t + 15 or (#8a + #3b + delay on the external 
address buffer) 







Minimum of #30b should be the greater of 2t or (#7b + #11 + delay on the external data 
buffer) 
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WD90C30 AC TIMING CHARACTERISTICS 


YO AND MEMORY READ/WRITE MICRO CHANNEL MODE TIMING 


A(23:0),EMEM,BHE setup to CMD low 
A(23:0),EMEM,BHE hold from CMD low 
CDSETUP,EIO setup to CMD low 
CDSETUP,EIO hold from CMD low 

STATUS setup to CMD low 

STATUS hold from CMD low 

EDBUFH, EDBUFL low from CMD low 
EABUF high from CMD low 

EDBUFH, EDBUFL high from CMD high 
EABUF low from CMD high 

DIR active from CMD low 

DIR inactive from CMD high 

CSFB delay from valid address/status Cr. = 100 pF 
CSFB hold from CMD high (I/O cycle) C. = 100 pF 
CSFB hold from invalid address (memory 
cycle) CL = 100 pF 
CDDS16 delay from valid address 

CDDS16 hold from invalid address 

DA(15:0) write data setup to CMD high 
DA(15:0) Write data hold after CMD high 
“DA(15:0) I/O Read data valid from CMD low 
RDY high delay from CMD low 

DA(15:0) Memory Read Data valid from RDY 
high 

CMD high (inactive) 

CMD low 

RDY low delay from valid address/status 
EBROM low from valid address 

EBROM high from CMD high 

WPLT /RPLT low from CMD low 

WPLT /RPLT high from CMD high 

VCLK1 low from CMD low (3C2H Port) 
VCLK1 high from CMD high (8C2H Port) 


Depends on setting of PR31 (8C5H, Index 11H) bits 4, 3. t= YMCLK 
max 40 ns 
max 40 ns + 1t 
max 40 ns + 2t 
max 40 ns - It 


Minimum of #21a is the greater of 2t + 5 or (#8b + #1 + delay on external address buffer) 


Minimum of #21b is the greater of 2t or (#7a + #16 + delay on external data buffer) 
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DRAM TIMING (256K by 4, 256K by 16) 































1 RAS cycle time 

2 RAS pulse width low 

3 RAS high time (precharge) 

4 RAS low to CAS low 2.5t-d 

5 CAS cycle time 

6 CAS pulse width low 

7 CAS high time (precharge) 

8 Row address setup to RAS low 

9 Row address hold time from RAS low 

10 Column address setup to CAS low 

11 Column address hold from CAS low 

12 Read Data valid before CAS high 

13 Read Data hold after CAS high 

14 Write Data setup to CAS low 1t- 15 

15 Write Data hold after CAS low 1t-5 

16 WE low setup CAS low it- 5 1t+5 

17 WE low hold after CAS. high Same as 
CAS low 

18 OE high before WE low 2t - 10 

19 OE low after WE high 1t- 10 

20 CAS high for CAS before RAS refresh 1t- 10 

21 RAS low from CAS low for CAS before RAS 1.5t+10 






refresh 






The timing is the result of setting PR33 (8C5H, Index = 13H) = XXX00000 
* Timings are adjustable by PR33. 
Memory write uses fast page early write, while keeping OE = 1. 
Memory read uses fast page read, while keeping OE = 1. 
t = '/MCLK 
(MCLK = 37.5 MHz for 80 ns DRAM) 
(MCLK = 40 MHz for some faster 80 ns DRAM) 
(MCLK = 44.4 MHz for 70 ns DRAM) 
(MCLK = 49.5 MHz for 60 ns DRAM) 
d = Delay with a min of 4 ns and a max of 7 ns. 









Maximum MCLK frequency 
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WD90C30 AC TIMING CHARACTERISTICS 
SLA EI OT TE GT Po ECT a TE ET 


| NUMBER | PARAMETER MIN MAX NOTES 
DRAM TIMING (64K by 16) 


RAS cycle time 

RAS pulse width low 

RAS high time (precharge) 
RAS low to CAS low 

CAS cycle time 

CAS pulse width low 

CAS high time (precharge) 
Row address setup to RAS low 

Row address hold time from RAS low 
Column adress setup to CAS low 
Column address hold from CAS low 
Read Data valid before CAS high 
Read Data hold after CAS high 

Write Data setup to CAS low 

Write Data hold after CAS low 

WE low setup before CAS low 

WE low hold after CAS high 





















OONOORWN — 















OE high before WE low 
OE lowafter WE high | 
CAS high for CAS before RAS refresh 

RAS low from CAS low for CAS before RAS 
refresh 








MCLK edge to RAS, CAS, MA(8:0) edge delay may be up to 40 ns. 






NOTES: 
The timing is the result of setting PR33 (3C5H, Index = 13H) = xxx01110 
* Timings are adjustable by PR33 

Memory write uses fast page early write, while keeping OE = 1. 

Memory read uses fast page read, while keeping OE = 0. 

t = '/MCLK (MCLK = 36 MHz for 80 ns, 64K by 16 DRAM) 

d = Delay with a min of 4 ns and a max of 7 ns. 
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FIGURE 5. RESET TIMING 
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FIGURE 6. CLOCK AND VIDEO TIMING 
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WD90C30 


DRAM Timing Adjustment: The RAS, CAS 
timing can be adjusted by register PR33 (3C5H, 
Index 3H) bits 4 through 0. Only the following 
timing may be affected: (See Figures 9 and 10). 


RAS high time (precharge) 
RAS low to CAS low 
CAS pulse width 


Oo OW 


AC TIMING CHARACTERISTICS 


CAS pulse width adjustment: CAS cycle time is 
always equal to 2t {t = 1/MCLK}, {d = (4~ 8) ns}. 


PR33 (Bits 4 through 3) = 


00, CAS low = 1t +d: CAS high = 1t-d 
01, CAS low = 1t + 2d; CAS high = it - 2d 
1X, CAS low = 1.5t: CAS high = '/2t 


PR33 = xxx00000 





FIGURE 11. 256K BY 4 DRAM TIMING 


PR33 = xxx01110 





FIGURE 12. 64K BY 16 DRAM TIMING 
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7.0 WD90C30 REGISTERS 


All the standard IBM registers incorporated inside the 
WD90C30 are functionally equivalent to the VGA im- 
plementation while additional Western Digital registers 
enhance the video subsystem. Compatibility registers 
provide functional equivalence for AT&I, Hercules, 
MDA, and CGA standards defined earlier using the 
6845 CRT Controller. This section describes the VGA 


WD90C30 


registers in greater detail, followed by the VGA/EGA 
difference section and PR registers description. For 
more information, refer to the reference literature. 


Throughout this section, all bit graphics and definitions 
apply to VGA mode followed by their brief description. 


/—oreaisters ———~=S« @ RW MONO | COLOR 


GENERAL REGISTERS 


Miscellaneous Output Register 
Input Status Register 0 

Input Status Register 1 
Feature Control Register 


*Video Subsystem Enable Register 


* 1/0 Port 3C3H can be used to replace 46E8H [if CNF(9) = 0] for setup in AT 
mode. In Micro Channel mode, writes to 3C3H, Bit 0 = 1 enables memory 


and |/O address decoding. 


SEQUENCER REGISTERS 


Sequencer Index Register RW 304 304 
Sequencer Data Register RW 3C5 3C5 


CRT CONTROLLER REGISTERS 


Index Register RW 3B4 3D4 
CRT Controller Data Register RW 3B5 3D5 


GRAPHICS CONTROLLER REGISTERS 


ATTRIBUTE CONTROLLER REGISTERS 


Index Register RW 3CE 3CE 
Other Graphics Registers RW 3CF 3CF 


Index Register 
Attribute Controller Data Register 


VIDEO DAC PALETTE REGISTERS 


Write Address 
Read Address 
DAC State 
Data 

Pel Mask 


® All Register addresses are in hexidecimal 
@ RO = Read-Only, RW = Read/Write, W = Write, and R = Read. 


TABLE 6. VGA REGISTERS SUMMARY 
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PRO(A) Address Offset A 

PRO(B) Alternate Address Offset B 

PR1 Memory Size 

PR2 Video Select 

PR3 CRT Control 

PR4 Video Control 

PR5 Unlock (PRO-PR4)/Status 

PR10 Unlock (PR11-PR17) 

PR11 EGA Switches 

PR12 Scratch Pad 

PR13 Interlace H/2 Start 

PR14 Interlace H/2 End 

PR15 Miscellaneous Control 1 

PR16 Miscellaneous Control 2 

PR17 Miscellaneous Control 3 

PR18 CRTC Vertical Timing Overflow 

PR19 Signature Analyzer Control 
Reserved 3X5.31- 3X5.3C 

PR1A CRTC Shadow Register Control 

PR20 Unlock Sequencer Extended Registers 

PR21 Display Configuration and Scratch Pad 

PR22 Scratch Pad 

PR23 Scratch Pad 




























PR31 System Interface Control 
PR32 Miscellaneous Control 4 


Registers 
PR34 Video Memory Mapping Register 
PR35 Reserved 


NOTE: 






details. 


TABLE 7. PR REGISTERS SUMMARY 


PR30 Memory Interface write buffer and FIFO Control 


PR33 DRAM Timing and Zero Wait State Control 


































3CF.09 
3CF.0A 
3CF.0B 
3CF.0C 
3CF.0D 
3CF.0E 
3CF.0OF 
3B5.29 
3B5.2A 
3B5.2B 
3B5.2C 
3B5.2D 
3B5.2E 
3B5.2F 
3B5.30 
3B5.3E 
3B5.3F 


3B5.31 - 3B5.3C 


3B5.3D 
305.06 
305.07 
305.8 
305.9 
305.10 
305.11 
305.12 
305.13 


305.14 
305.15 











3CF.09 
3CF.0A 
3CF.0B 
3CF.0C 
3CF.0D 
3CF.0E 
3CF.OF 
3D5.29 
3D5.2A 
3D5.2B 
3D5.2C 
3D5.2D 
3D5.2E 
3D5.2F 
3D5.30 
3B5.3E 
3D5.3F 


WD90C30 REGISTERS 


REGISTERS ce MONOCHROME COLOR 


3D5.31 - 3D5.3C 


3D5.3D 
305.06 
305.07 
305.8 
305.9 
305.10 
305.11 
305.12 
305.13 


305.14 
305.15 


All of the PR Registers may be read/write protected. Refer to the PR Registers description for more 
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/ Functions [AW 
status Register |S 
: 


















NOTES: 










2. All Register addresses are in hex. 
3. + = 6845 Mode Registers. 


3B0-3B7 3D0-3D7 


1. RO = Read-Only, WO = Write-Only, RW = Read/Write. 


WD90C30 


SBF 
3B0-3B7 


TABLE 8. COMPATIBILITY REGISTERS SUMMARY 


7.1 GENERAL REGISTERS 


= 
PORT 

"Input Status Register| 9C2 | 
"Input Status Register 1 | OPA | = 


NOTES: 





WRITE 
PORT 






1. Reserved bits should be set to zero. 


2. "2" Value is controlled by Bit O of the Miscel- 
laneous Output Register and is programmed as 
shown below: 


0 = B in Monochrome Modes 


1 = D in Color Modes 


7.1.1 


Miscellaneous Output Register, Read 
Port = 3CCH, Write Port = 3C2H 






FUNCTION — 
Vertical Sync Polarity Select 






Horizontal Sync Polarity Select 
Odd/Even Memory Page Select 


a Reserved 









Bit 7 * 
Vertical Sync Polarity Selection. 


O = Positive vertical sync polarity. 
1 = Negative vertical sync polarity. 


Bit 6 * 
Horizontal Sync Polarity Selection. 


0 = Positive horizontal sync polarity. 
1 = Negative horizontal sync polarity. 
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NOTE: 


These bits determined the vertical size of the 
frame by the monitor. Their encoding is shown 
below: 


ro [0 | Reseved 
0 [1 | a0otnesiscan 
1 [0 | ss0tines'scan 


Bit 5 

Odd or Even Memory Page Select. 

When in modes 0 through 5, one memory page is 
selected from the two 64 Kbyte pages. 

O = Lower page is selected. 

1 = Upper page is selected. 

















Bit 4 
Reserved in VGA. 


Bits (3:2) 
Clock Select 1,0. 


BIT 2 FUNCTION 


Selects VCLKO for VGA applica- 
tions. Can be connected to 
allow 640 dots/line (25.175 
MHz). | 


Selects VCLK1 for VGA applica- 
tions. Can be connected to 

allow 720 dots/line (28.322 

MHz) if Configuration Register 
Bit 3 =0. 
Selects VCLK2 (external user 
defined input) if Configuration 
Register Bit 3 = 0. 
Reserved. Also selects VCLK2 


(external user defined input) if 
Configuration Register Bit 3 = 0. 









BIT 3 


i 
































WD90C30 REGISTERS 


Bit 1 
System Processor Video RAM Access Enable. 


0 = CPU access disabled. 
1 = CPU access enabled. 


Bit 0 

CRT Controller I/O Address Range Selection. 
Selection for Monochrome (3B4H and 3B5H), or 
Color (3D4H and 3D5H) mode. Bit 0 also maps 
Input Status Register 1 at MDA (8BAH) or CGA 
(3DAH). 


0 = CRTC and status addresses for MDA mode 
(3BX). 

1 = CRTC and status addresses for CGA mode 
(3DX). 


7.1.2 Input Status Register 0, Read Only 


Port = 3C2H 


FUNCTION 
CRT Interrupt 


4 Monitor Detect Bit for Color/ 
Monochrome Display | 


Reserved 





Bit 7 

CRT Vertical Retrace Interrupt Pending or 
Cleared. 

0 = Vertical retrace interrupt cleared. 

1 = Vertical retrace interrupt pending. 


Bits (6:5) 
Reserved in VGA. 


Bit 4 

Monitor Detection in VGA mode. 

MDET monitor status is sampled and can be read 
from this bit. 

0 = Monochrome. 

1 = Color. 


Bits (3:0) 
Reserved. 
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7.1.3 Input Status Register 1, Read Only 


Port = 3?AH 


ro | Display Enable 


Bits (7:6) 
Reserved. 










Bits (5:4) 

Color Plane Diagnostics. 

These bits allow the processor to select two of 
eight colors by activating the Attribute Controller’s 
Color Plane Enable Register Bits 4 and 5. Their 
status is defined in the following table: 


ENABLE REGISTER | REGISTER 1 
0 | vine | vio 
ovis | vor 





we 
0 | 


Bit 3 
Vertical Retrace Status. 


0 = Vertical frame is displayed. 
1 = Vertical retrace is active. 


Bits (2:1) - 
Reserved. 


Bit 0 
Display Enable Status. 
0 = CRT screen display in process. 


1 = CRT screen display disabled for horizontal or 
vertical retrace interval. 








7.1.4 Feature Control Register, Read 
Port = 3CAH, Write Port = 3?AH 
FUNCTION 


Bits (7:4) 
Reserved 






Bit 3 
Vertical Sync Control. 
0 = VSYNC output enabled. 


1 = VSYNC output is logical "OR" of VSYNC and 
Vertical Display Enable. 


Bits (2:0) 
Reserved 


7.2 SEQUENCER REGISTERS 


NOTE: Reserved bits should be set to zero. 


7.2.1 Sequencer Index Register, Read/Write 


Port = 3C4H 


FUNCTION 
Sequencer Address/Index Bits 


Bits (7:5) 
Reserved. 
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Bits (4:0) 


Sequencer Address/Index. 

The Sequencer Address Register is written with 
the index value (OOH-04H) of the Sequencer 
Register to be accessed. Sequencer extension 
registers are also indexed by this register. 


7.2.2 Reset Register, Read/Write 
Port = 3C5H, Index = 00H 


FUNCTION 
Reserved 
Synchronous Reset 


Asynchronous Reset 





Bits (7:2) 
Reserved. 


Bit 1 


Synchronous Reset. 

0 = Sequencer is cleared and halted 
synchronously. 

1 = Operational mode (Bit 0 = 1). 


Bit 0 

Asynchronous Reset. 

0 = Sequencer is cleared and halted 
asynchronously. 

1 = Operational mode (Bit 1 = 1). 


7.2.3 Clocking Mode Register, Read/Write 
Port = 3C5H, Index = 01H 


FUNCTION 


Reserved 


Shift 4 





WD90C30 REGISTERS 


Bits (7:6) 
Reserved. 


Bit 5 

Screen Off. 

0 = Normal screen operation. 

1 = Screen turned off. SYNC signals are active 
and this bit may be used for quick full screen 
updates. 


Bit 4 

Video Serial Shift Register Loading. 

0 = Serial shift registers loaded every character 
or every other character clock depending on 
Bit 2. 

1 = Serial shift registers loaded every 4th charac- 
ter clock (32-bit fetches). 


Bit 3 

Dot Clock Selection 

0 = Normal dot clock selected by VCLK input fre- 
quency. 

1 = Dot Clock divided by 2 (820/360 pixels). 


Bit 2 

Shift Load. Effective only if Bit 4 = 0. 

0 = Video serializers will be loaded every charac- 
ter clock. 

1 = Video serializers are loaded every other char- 
acter clock. 


Bit 1 
Reserved. 


Bit 0 

8/9 Dot Clock. 

Commands Sequencer to generate an 8 or 9 dot 
wide character clock. 

0 = 9 dot wide character clock. 

1 = 8 dot wide character clock. 
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7.2.4 Map Mask Register, Read/Write 
Port = 3C5H, Index = 02H 


cm 














Map 2 Enable 
Map 1 Enable 
Map 0 Enable 


Bits (7:4) 
Reserved. 





Bits (3:0) 

Controls Writing to Memory Maps (8-0), respec- 
tively. 

0 = Writing to maps (3-0) disallowed. 

1 = Maps (38-0) accessible. 


7.2.5 Character Map Select Register, 
Read/Write Port = 3C5H, Index = 03H 


"0 | Character Map Select B BO 


lf Sequencer Register 4, Bit 1 = 1, then the at- 
tribute byte Bit 3 in text modes is redefined to 
control switching between character sets. A "0" 
selects Character Map B. A"1" selects character 
map A. Character Map selection from either Plane 
2 or Plane 3 is determined by PR2(2), PR2(5) and 
Bit 4 of the attribute code. 









Bits (7:6) 
Reserved. 





xX 
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Bit 5 

Character Map A MSB Select. 

The Most Significant Bit (MSB) of Character Map 
A along with Bits 3 and 2, select the location of 
Character Map A as shown below. 


532 SELECTED OR 3 LOCATION 
rod st KBye 

















Bit 4 

Character Map B MSB Select. 

The MSB of Character Map B along with Bits 1 
and 0, select the location of Character Map B as 
shown below. 


1st 8 KByte 
3rd 8 KByte 
Sth 8 KByte 





Bits (3:2) 
Character Map Select A. 
Refer to Bit 5 table. 


Bits (1:0) 
Character Map Select B. 
Refer to Bit 4 table. 
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7.2.6 Memory Mode Register, Read/Write 
Port = 3C5H, Index = 04H 


Bits (7:4) 
Reserved. 











Bit 3 

Chains Four Maps. 

O = Processor sequentially accesses data using 
map mask register. 

1 = Directs the two lower order video memory ad- 
dress pins (MA1,MA0) to select the map to 
be addressed. The map selection table is 


shown below: 
MAP SELECTED 
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Bit 2 

Odd/Even Map Selection. 

O = Even processor addresses to access Maps 0 
and 2. Odd processor addresses to access 
Maps 1 and 3. 

1 = Sequential processor access as defined by 
Map Mask Register. 


Bit 1 

Extended Video Memory. 

0 = 64 KB of video memory. 

1 = Greater than 64 KB of memory for VGA/EGA 
modes. 


Bit 0 
Reserved. 
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325 01 Horizontal Display Enable End 
325 02 Start Horizontal Blanking 














Vertical Total +Vert. Display 


Preset Row Scan + 
Maximum Scan Line/Others Maximum Scan Line Address 


Cursor Location High 


12 | Verical Display EnableEnd |S 
13 
14 
15 
16 





325 03 
375 04 
375 05 
325 
35 07 
325 
375 
325 OA 


0C 


325 
375 
375 


375 OE 
325 OF 
325 10 


| 


25 
25 


3 
3 
3 
3 
3 


Start Vertical Blank 
3 End Vertical Blank 


375 CRTC Mode Control 


1. "2" Value is controlled by Bit 0 of the Miscellaneous Output Register and is programmed 
as shown below: 
0 = B in Monochrome Modes 
1 = D in Color Modes 


2. "*" 6845 Mode Registers are defined and explained in greater detail in the reference literature. 
3. "+" This register can be programmed in VGA mode only. It is not applicable in 6845 mode. 

4. Reserved bits should be set to zero. 

5. Port addresses are in hex. 





TABLE 9. CRT CONTROLLER REGISTERS 
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7.3. CRT CONTROLLER REGISTERS 


7.3.1 CRT Address Register, 
Read/Write Port = 3?4H 


BIT FUNCTION 










Bits (7:5) 
Reserved. 


Bits (4:0) 


Index Register Bits. 

CRT Controller index pointer bits to specify the 
register to be addressed. Its value is programmed 
in hexidecimal. 


7.3.2 Horizontal Total Register, Read/Write 
Port = 325H, Index = 00H 


BIT FUNCTION 
7:0 


Horizontal Total Period 


Bits (7:0) 

Count Plus Retrace Less Five. 

In VGA mode, the total character count is the total 
number of characters including retrace time less 
5, per horizontal scan line. 


7.3.3 Horizontal Display Enable End 
Register, Read/Write Port = 3?75H, 
Index 01H 


FUNCTION 
Displayed Characters per Scan Line 


Bits (7:0) 

This register contains the total number of dis- 
played characters less one. This register is locked 
if PR3(5) = 1 or the Vertical Retrace End Register 
Bit 7 = 1. 









7.3.4 Start Horizontal Blanking Register, 
Read/Write Port = 3?5H, Index = 02H 


FUNCTION 
Start Horizontal Blanking 


Horizontal blanking begins when the horizontal 
character counter reaches this character clock 
value. This register is locked if the PR Register 
PR3(5) = 1 or the Vertical Retrace End Register 


7.3.5 End Horizontal Blanking Read/Write 
Port = 325H, Index = 03H 


6:5 Display Enable Signal Skew Control 
End Horizontal Blanking (lower 5 bits) 





This register is locked if the PR Register PR3(5) = 
1 OR the Vertical Retrace End Register Bit 7 = 1. 


Bit 7 
Reserved 


Bits (6:5) 


Display Enable Signal Skew Control. 
These bits define the display enable signal skew 
time in relation to horizontal synchronization pul- 
ses. The skew table is shown below: 


BIT6 | BITS | SKEW IN CHARACTER 
CLOCKS 


es a oo 
of 







Lee 
<——- 
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Bits (4:0) 

End Horizontal Blanking. 

Start blanking register plus the width of the 
horizontal blank in character clocks. The least 
significant five bits are programmed in this 
register, while the most significant bit is the End 
Horizontal Retrace Register (Index O5H) Bit 7. 
When the least significant five bits of the horizon- 
tal character counter matches these six bits, the 
horizontal blanking ends. 


7.3.6 Start Horizontal Retrace Pulse 
Register, Read/Write Port = 325H, 
Index = 04H 


FUNCTION 
7:0 Start Horizontal Retrace 
Character Count 
Bits (7:0) 


Start Horizontal Retrace Character Count. 

Hex value in character count at which horizontal 
retrace output pulse becomes active. This register 
is locked if the PR Register PR3(5) = 1 or the 
Vertical Retrace End Register Bit 7 = 1. 





7.3.f End Horizontal Retrace Register, 
Read/Write Port = 325H, Index = 05H 


This register is locked if the PR Register PR3(5) = 
1 or the Vertical Retrace End Register Bit 7 = 1. 












Bit 7 
MSB (Sixth Bit) of End Horizontal Blanking 
Register. 


Bits (6:5) 
Horizontal Retrace Delay. 
These bits define horizontal retrace signal delay. 
See the following table for details: 
BIT6 | BIT5 | CHARACTER CLOCK 
DELAY 








| 9 | 0 
Ee Ls 
Ee] 


Bit(4:0) 

End Horizontal Retrace. 

Start retrace register value is added to the charac- 
ter count for width "W". The least significant five 
bits are programmed in this register. When the 
Start Horizontal Retrace Register value matches 
these five bits, the horizontal retrace signal is 
turned off. 


7.3.8 Vertical Total Register, Read/Write 
Port = 325H, Index = 06H 


FUNCTION 
Raster Scan Line Total Less 2 


Bits (7:0) 

Raster Scan Line Total Less 2. 

The least significant eight bits of an eleven bit 
count of raster scan lines for a display frame. The 
loaded value includes vertical total scan lines 
minus two. Time for vertical retrace, and vertical 
sync are also included. The eighth and nineth bits 
of this count are loaded into the Vertical Overflow 
Register (Index = 07H) as Bit 0 and Bit 5, respec- 
tively. Bit 10 of this count is in the 375H, index 
3EH, bit 0. In 6845 modes, total vertical display 
time in rows is programmed into Bit 6 - Bit 0, while 
Bit 7 is reserved. Scan count reduction is not 
necessary. The number of scan lines in a row is 
determined by the maximum Scan Line Register 
(Index O9H Bits 4 through 0). This register is lock- 
ed if the PR Register PR3(0) = 1 or the Vertical 
Retrace End Register Bit 7 = 1. 
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7.3.9 Overflow Vertical Register, Read/Write 
Port = 375H, Index = 07H 


® Bits 7, 2 


Start Vertical Retrace - Bits 9:8. (Bits 7:0 are at 
Index 10H.) 













@ Bits 6, 1 


End Vertical Display Enable - Bits 9:8. (Bits 7:0 
are at Index 12H.) 


() Bits 5, 0 
Vertical Total Bits 9:8. (Bits 7:0 are at Index 06H.) 


Bit 4 
Line Compare Bit 8 (Index = 18H). 


© Bit 3 
Start Vertical Blank Bit 8 (Index =15H). 


NOTES: 


® This register is locked if the PR Register 
PR3(0) = 1 OR the Vertical Retrace End 
Register Bit 7 = 1. 


@ This register is locked if the PR Register 
PR3(1) = O AND the Vertical Retrace End 
Register Bit 7 = 1. 


7.3.10 Preset Row Scan Register, Read/Write 
Port = 325H, Index = 08H 






FUNCTION 


Reserved 


Byte Panning Control 
Preset Row Scan Count 






Bit 7 
Reserved. 


Bits (6:5) 

Byte Panning Control. 

These bits allow up to three bytes to be panned in 
modes programmed as multiple shift modes. 


BIT6 | BIT5 | OPERATION 
0 0 Normal 
| 0 | 1 | 4 Byte Left Shitt 


ba! 
1 | 0 | 2BytesLeftshitt 


Bits (4:0) 

Preset Row Scan Count. 

These bits preset the vertical row scan counter 
once after each vertical retrace. This counter is 
incremented after each horizontal retrace period, 
until the maximum row scan count is reached. 
When maximum row scan count is reached, the 
counter is cleared. This register can be used for 
smooth vertical scrolling of text. 
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7.3.11 Maximum Scan Line Register, 
Read/Write Port = 375H, Index = 09H 


re | Line Compare sto 













Start Vertical Blank Bit 9 





Bit 7 

200 to 400 Line Conversion. 

0 = Normal operation. 

1 = Activate line doubling. The row scan counter 
is clocked at half the horizontal scan rate to 
allow 200 line modes display 400 scan lines 
(each line is double scanned). 


Bit 6 
Line Compare. 


This is Bit 9 of the Line Compare Register 
(Index = 18H). 


Bit 5 

Start Vertical Blank. 

This is Bit 9 of the Start Vertical Blank Register 
(Index = 15H). This register is locked if the PR 
Register PR3(0) = 1. 


Bits (4:0) 

Maximum Scan Line. 

Maximum number of scanned lines for each row 
of characters. The value programmed is the max- 
imum number of scanned rows per character 
minus one. In 6845 mode, Bits 5 through 7 are 
reserved, and Bits 4 through 0 are programmed 
with the maximum scan line count less one for 
non-interlace mode. Interlaced mode is not sup- 
ported. 





2/11/92 


7.3.12 Cursor Start Register, Read/Write 
Port = 3?5H, Index = OAH 









FUNCTION 


Bits (7:6) 
Reserved. 





Bit 5 

Cursor Control. 
O=Cursor on. 
1=Cursor off. 


Bits (4:0) 

Cursor Start Scan Line. 

These bits specify the row scan counter value 
within the character box where the cursor begins. 
These bits contain the value of the character row 
less one. If this value is programmed with a value 
greater than the Cursor End Register (Index = 
OBH), no cursor is generated. For 6845 modes, 
Bit 7 is reserved. Bit 5 controls the cursor opera- 
tion and Bits 4 through 0 contain the cursor start 
value. Bit 6 is not used. 
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7.3.13 Cursor End Register, Read/Write 
Port = 325H, Index = OBH 


Bit 7 
Reserved. 










Bits (6:5) 
Cursor Skew Bits. 
Delays the displayed cursor to the right by the 


skew value in character clocks, e.g., one charac- 
ter clock skew moves the cursor right by one posi- 
tion on the screen. Refer to the table below. 





Bits (4:0) 

Cursor End Scanline. 

These bits specify the last row scan counter value 
within the character box during which the cursor is 
active. lf this value is less than the cursor start 
value, no cursor is displayed. In 6845 mode, Bits 
7 through 5 are reserved and Bits 4 through 0 
contain row value of the cursor end. 


NOTE: 

There are three types of cursors generated, 
depending upon the mode, i.e, EGA, VGA, or 
6845 (non-VGA). The above description refers to 
the VGA cursor only. 


7.3.14 Start Address High Register, 
Read/Write Port = 325H, Index = OCH 


BIT FUNCTION 
7:0 Start Address High Byte 


Bits (7:0) 

Display Screen Start Address Upper Byte Bits. 
Eight high order bits of the 16-bit video memory 
address, used for screen refresh. The low order 
8-bit register is at Index ODH. The PR Register 
PR3 Bits 3 and 4 extend this video memory start 
register to 18 bits. In 6845 modes Bits 6 and 7 are 
forced to "0", regardless of this register’s con- 
tents, while the lower order eight bits are at Index 
register ODH. 


7.3.15 Start Address Low Register, 
Read/Write Port = 375H, Index = ODH 


FUNCTION 
Start Address Low Byte 


BIT 
7:0 


w 
~ 
7] 
~-~ 
~J 
© 
— 


Start Address Low Byte. 
The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 modes. 


7.3.16 Cursor Location High Register, 
Read/Write Port = 375H, Index = OEH 


BIT FUNCTION 
7:0 


Cursor Location High Byte 


» 


Bits (7:0) 

Cursor Address Upper Byte Bits. 

The eight higher order bits of the 16-bit cursor 
location in VGA mode. For the lower order eight 
bits, see the Cursor Location Low Register at 
Index OFH. In VGA mode, the PR Register PR3 
Bits 3 and 4 extend the cursor location High 
Register to 18 bits. For 6845 modes, Bits 6 and 7 
are reserved, while Bits 5 through O are the high 
order bits of the cursor. 
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7.3.17 Cursor Location Low Register, 
Read/Write Port = 325H, Index = OFH 


FUNCTION 
Cursor Location Low Byte 


Bits (7:0) 

Cursor Address Lower Byte Bits. 

The lower order eight bits of the 16-bit video 
memory address in VGA or 6845 mode. 


7.3.18 Vertical Retrace Start Register, 
Read/Write Port = 325H, Index = 10H 


FUNCTION 


7:0 Vertical Retrace Start 
(Lower eight bits) 





Bits (7:0) 

Vertical Retrace Start Pulse Lower Eight Bits. 

The lower eight bits of the 11-bit Vertical Retrace 
Start Register. Bits 8 and 9 are located in the 
Overflow Register (Index = 07H). Bit 10 is located 
in 3?5H, Index 3EH, bit 2. In 6845 compatible 
mode, this register shows the high order six bits in 
positions 5 through 0 as the light pen read back 
value, and Bits 6 and 7 are reserved. The lower 
order eight bits of the Light Pen Read Back 
Register are at the Index 11H. In EGA compatible 
mode this register shows the high order eight bits 
as the light pen value. This register is locked if PR 
register PR3(0) = 1. 


7.3.19 Vertical Retrace End Register, 
Read/Write Port = 3?5H, Index = 11H 


"6 _| Select3iS DRAM Rech 







Clear Vertical Interrupt 
Vertical Retrace End 


This register is locked ifthe PR Register PR3(0) = 1. 





Bit 7 

CRTC Registers Write Protect. 

0 = Enables writes to CRT index registers OOH- 
07H. 

1 = Write protects CRT Controller Index registers 
in the range of index O0OH-07H. Line Com- 
pare Bit 4 in the Overflow Register (07H) is 
not protected. 


Bit 6 

DRAM Refresh/Horizontal Scan Line. 

Selects DRAM refresh cycles per horizontal scan 

line. 

0 = Generates three refresh cycles for each 
horizontal scan line for normal VGA operation. 

1 = Generates five DRAM refresh cycles per 
horizontal scan line. 


Bit 5 

Enable Vertical Retrace Interrupt. 

0 = Enable vertical retrace interrupt. 
1 = Disable vertical retrace interrupt. 


Bit 4 

Clear Vertical Retrace Interrupt. 

0 = Clears vertical retrace interrupt by resetting 
(writing a "0" to) an internal flip flop. 

1 = Vertical retrace interrupt. Allows an interrupt 
to be generated after the last displayed scan 
of the frame has occurred (i.e., the start of the 
bottom border). 


Bits (3:0) 

Vertical Retrace End. 

Specify scan count at which vertical sync be- 
comes inactive. For retrace signal pulse width 
"W", add scan counter for "W" to the value of the 
Vertical Retrace Start Register. The four-bit result 
is written in the Vertical Retrace End Register. In 
6845 or EGA compatible mode, this register al- 
lows the read back value of the lower eight bits of 
Light Pen Register. 
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7.3.20 Vertical Display Enable End Register, 
Read/Write Port = 375H, Index = 12H 


FUNCTION 

ar 0 Vertical Display Enable End 

(Lower eight bits) 
Bits (7:0) 
Vertical Display Enable End Lower Eight Bits. 
The eight lower bits of this 11-bit register defines 
where the active display frame ends. The 
programmed count is in scan lines minus one. 
Bits 8 and 9 are in the Overflow Register (Index 


07H) at positions 1 and 6, respectively. Bit 10 is 
in 325H, Index 3EH, Bit 10 






7.3.21 Offset Register, Read/Write 
Port = 325H, Index = 13H 


FUNCTION 
Logical Line Screen Width 


Bits (7:0) 

Logical Line Screen Width. 

This register specifies the width of display 
memory in terms of an offset from the current row 
start address to the next character row. The offset 
value is a word address adjusted for word or 
double word display memory access. It is calcu- 
lated as follows: 


Next Row Scan Start Address = Current Row 
Scan Start Address + (K * value in Offset 
Register), where K = 2 in byte mode and K = 4 in 
word mode. 


7.3.22 Underline Location Register, 
Read/Write Port = 3?5H, Index = 14H 


cer [FUNCTION 
Te | Doubleword Mode 
P40 












Count by 4 
Underline Location 





Bit 7 
Reserved. 


Bit 6 
Doubleword Mode. 
0 = Display memory addressed for byte or word 


access. 

1 = Display memory addressed for double word 
access. 

Bit 5 


Count by Four for Double Word Access 

O = Memory address counter clocked for byte or 
word access. 

1 = Memory address counter is clocked at the 
character clock rate divided by four. 


Bits (4:0) 

Underline Location. 

These bits specify the row scan counter value 
within a character matrix where underline is to be 
displayed. Load a value one less than the desired 
scan line number. 


7.3.23 Start Vertical Blank Register, 
Read/Write Port = 325H, Index =15H 


This register is locked if the PR Register 
PR3(0)=1 


FUNCTION 


Start Vertical Blank (Lower eight bits) 
Bits (7:0) 

Start Vertical Blank Lower Eight Bits. 

The lower eight bits of the 11-bit Start Vertical 
Blank Register. Bit 8 is in the Overflow Register 
(Index = 07H) and Bit 9 is in the Maximum Scan 
Line Register (Index = 09H). Bit 10 is 375H; Index 
SEH, Bit 3. The eleventh bit value is reduced by 
one from the desired scan line count where the 
vertical blanking signal starts. 
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7.3.24 End Vertical Blank Register, Read/Write 
Port = 325H, Index = 16H 


This register is locked if the PR Register 
PR3(0)=1. 


FUNCTION 
End Vertical Blank 


Bits (7:0) 


Vertical Blank Inactive Count. 
End Vertical Blank is an eight-bit value calculated 
as follows: 


Eight-bit End Vertical Blank value = (value of Start 
Vertical Blank minus one) + (value of Vertical 
Blank signal width in scan lines). 


7.3.25 CRT Mode Control Register, 
Read/Write Port = 3?5H, Index = 17H 


This register is locked if PR Register PR3(5) = 1. 
FUNCTION 


"6 | Word orByte Mode 













Horizontal Retrace Select 


Select Row Scan Counter 


0 | CGA Compatibility 


Bit 7 

Hardware Reset. 

0 = Horizontal and vertical retrace outputs inac- 
tive. 

1 = Horizontal and vertical retrace outputs 
enabled. 





Bit 6 

Word or Byte Mode. 

0 = Word address mode. All memory address 
counter bits shift down by one bit and the 
MSB of the address counter appears on the 
LSB. 

1 = Byte address mode. 


CRT17H ADDRESS 
Bit 6 Mode 


Bit 5 

Address Wrap. 

0 = In word address mode, this bit enables Bit 13 
to appear at MAO, otherwise Bit 0 appears on 
MAO. 

1 = Select MA15 for odd/even mode when 256 
Kbytes of video memory is used on the sys- 
tem board. 





CRT14H 






Bit 4 
Reserved. 


Bit 3 

Count by 2 

0 = Character clock increments memory address 
counter. 

1 = Character clock divided by two increments 
the address counter. 


Bit 2 

Horizontal Retrace Clock Rate Select for Vertical 

Timing Counter. 

0 = Selects horizontal retrace clock rate 

1 = Selects horizontal retrace clock rate divided 
by two. 
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Bit 1 Bit 0 
Select Row Scan Counter. : 6845 CRT Controller Compatibility Mode Support 
0 = Selects row scan counter Bit 1 as output at for CGA Operation. 
MA14 address pin. 0 = Row scan address Bit 0 is substituted for 
1 = Selects Bit 14 of the CRTC address counter memory address Bit 13 at MA13 output pin 
as output at MA14 pin. during active display time. 


1 = Enable memory address Pin 13 to be output 
at MA13 address pin. 


MEMORY ADDRESS BYTE ADDRESS WORD ADDRESS DOUBLE WORD 
MODE MODE ADDRESS MODE 

MAO/RFO A *MA15 OR MA13 MA12 

MA1/RF1 MA13 


MA2/RF2 
MA3/RF3 
MA4/RF4 


MA6/RF6 
MA8/RF8 


MA10 
MA11 
MA12 


NOTE: . 
* See Bit 5, defining address wrap. This table is only applicable when PR Register PR1 Bits 7 and 6 
equal zero, or PR16 Bit 1 equals one. 


The CRT Underline Location Register (Index = 14H) Bit 6 also controls addressing. However, when 
CRT14H(6) = 0, only the CRT Mode Control Register (Index 17H) Bit 6 controls addressing. 





TABLE 10. WORD OR BYTE MODE 
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7.3.26 Line Compare Register, Read/Write 
Port = 325H, Index = 18H 


Line Compare (lower eight bits) 


Bits (7:0) 

Line Compare Lower Eight Bits. 

Lower eight bits of the ten-bit Scan Line Compare 
Register. Bit 8 is in the Overflow Register (Index 
= 07H) and Bit 9 is in the Maximum Scan Line 
Register (Index = 09H). When the vertical 
counter reaches this value, the internal start of the 
line counter is cleared. 


7.4 GRAPHICS CONTROLLER REGISTERS 
INDEX 
(HEX) 


cael 
00 
Graphics Mode 

scr | 06 | Miscellaneous 


"scr [ 08 | BtMack 


NOTE: 
Reserved bits should be set to zero. 


PORT 
(HEX) 


Graphics Index Register 
Set/Reset 

Enable Set/Reset 

Color Compare 

Data Rotate 

Read Map Select 


3CE 
3CF 
3CF 
3CF 
3CF 
SCF 
3CF 


7.4.1 Graphics Index Register, Read/Write 
Port = 3CEH 


"er [FUNCTION 


BIT 
Graphics Address Bits 





Bits (7:4) 
Reserved. 





Bits (3:0) 

Graphics Controller Register Index Pointer Bits. 
Note that some of the PR registers reside with the 
index pointer extension beyond the standard VGA 
Graphics Controller registers. 


7.4.2 Set/Reset Register, Read/Write 
Port = 3CFH, Index = 00H 


ro 









Set/Reset Map 1 
Set/Reset Map 0 


Bits (7:4) 
Reserved. 





Bits (3:0) 

Set/Reset Map. 

When the CPU executes display memory write 
with Write Mode 0* selected and the Enable 
Set/Reset Register (Index = 01H) activated, the 
eight bits of the bit value in this register, which 
have been operated on by the Bit Mask Register, 
are then written to the corresponding display 
memory map. It is an eight-bit fill operation. The 
map designations are defined below: 


0 = Reset. 


1 = Set. 
as 








* The selection of Write Mode 0 is determined by 
the Graphics Mode Register (Index = 05H) Bit 
1 and Bit 0. 








% 
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7.4.3 Enable Set/Reset Register, Read/Write 
Port = 3CFH, Index = 01H 


BIT FUNCTION 


3 Enable Set/Reset Map 3 
Enable Set/Reset Map 2 





7.4.4 Color Compare Register, Read/Write 
Port = 3CFH, Index = 02H 


BIT FUNCTION 


Color Compare Map 1 
Color Compare Map 0 . 





Enable Set/Reset Map 1 
Oo. | Enable Set/Reset Map 0 


Bits (7:4) 
Reserved. 


Bits (3:0) 

Enable Set/Reset Register (Index 00H). 

0 = When Write Mode 0 is selected, these bits, 
set to "0", disable the Set/Reset Register 
(Index = OOH) memory map access and the 
map is written with the rotated 8-bit data from 
the system microprocessor as defined by the 
Data Rotate Register. 

1 = When Write Mode 0 is selected, these bits 
enable memory map access defined by the 
Set/Reset Register (Index = 00H), and the 
respective memory map is written with the 
Set/Reset Register value. 


Color Compare Map 3 
Color Compare Map 2 
os 


Bits (7:4) 
Reserved. 


Bits (3:0) 

Color Compare. 

The color compare bit contains the value to which 
all eight bits of the corresponding memory map 
are compared. This comparison also occurs 
across all four maps, and a "1" is returned for the 
map positions where the bits of all four maps 
equal the Color Compare Register. If a system 
read is done with Bit 3 = 0 for the Graphics Mode 
Register (Index = 05H), data is returned without 
comparison. Color compare map coding is shown 
below. 


COLOR COMPARE 
Map 3 





Map 1 





BIT 
3 
o 





16-50 


2/11/92 = 
Lp 


WD90C30 REGISTERS 


WD90C30 





7.4.5 Data Rotate Register, Read/Write 
Port = 3CFH, Index = 03H 











BIT 
4 Function Select 1 


Function Select 0 

Rotate Count Bit 2 
Rotate Count Bit 1 
Rotate Count Bit 0 


FUNCTION 








75 | 

an 
2 

oO. 





Bits (7:5) 
Reserved. 


Bits (4:3) 

Function Select. 

Function select for any of the write mode opera- 
tions defined in the Graphics Mode Register 
(Index = 05H) is defined as follows. 


Video memory data un- 
modified 


1 Video memory data ANDed 
with system data in the 
latches 


Video memory data ORed 
with system data in the 
latches 


Video memory data XORed 
with system data in the 
latches 


Note: "Data" refers to CPU data that has gone 
through data rotation. The latches contain the 
data from the last memory read operation. 





























Bits (2:0) 

Rotate Count. 

It specifies number of bit positions of rotation to 
the right. Data written by the CPU is rotated in 
write mode 0, defined by the Graphics Mode 
Register (Index = 05H). 


7.4.6 Read Map Select Register, Read/Write 


Port = 3CFH, Index = 04H 


FUNCTION 


Map Select 1 
ort Map Select 0 


Bits (7:2) 
Reserved. 






Bits (1:0) 

Map Select. 

These bits select memory map in memory read 
operations. It has no effect on color compare read 
mode. In odd/even modes, the value can be 00 
binary or 01 binary to select chained Maps 0 and 
1 or value 10 binary or 11 binary to select the 
chained Maps 2 and 3. Map read is defined as 
shown below. | 
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7.4.7 Graphics Mode Register, Read/Write 
Port = 3CFH, Index = 05H 


re | 256 ColorMode 














Read Type 


Write Mode bit 1 


/0 | Write Mode bit 0 


Bit 7 
Reserved. 


Bit 6 

256 Color Mode. 

0 = Enables Bit 5 of this register to control load- 
ing of the shift registers. Four-bit pixel is ex- 
panded to six bits through internal palette and 
is sent out on the lower six bits (VID5 - VIDO) 
pins every dot clock. The remaining two video 
outputs (VID7, VID6) are determined by Bits 
3 and 2 of the Color Select Register located 
at Index = 14H within the Attribute Controller. 

1 = Load video shift registers to support 256- 
color mode. 


Bit 5 

Shift Register. 

Shift register load controls the way in which 

memory data is formatted in the four video shift 

registers. MSB is shifted out in all cases. 

0 = Map 3 through Map 0 data is placed into shift 
registers for normal operations. 

1 = For CGA graphics mode compatibility, even 
numbered bits from all the maps are shifted 
out of even numbered shift registers, and odd 
numbered bits from all the maps are shifted 
out of odd numbered shift registers. 


Bit 4 

Odd/Even Mode. 

0 = Normal 

1 = CGA compatible odd/even system access 
mode. Sequential addressing as defined by 
Bit 2 of the Sequencer Memory Mode 
Register (Index = 04H). Even system addres- 
ses access Maps 2 or 0 and odd system ad- 
dresses access Maps 3 or 1. 


Bit 3 

Read Mode. 

0 = System reads data from memory maps 
selected by Read Map Select Register (Index 
04H). This setting will have no effect if Bit 3 
of the Sequencer Memory Mode Register = 1. 

1 = System reads the comparison of the memory 
maps and the Color Compare Register. 


Bit 2 
Reserved. 


Bits (1:0) 


Write Mode. 
Table 11 defines the four write modes. 





16-52 


2/11/92 pa 


WD90C30 REGISTERS 






























memory maps. 














Write Mode 0. If the Set/Reset Register function is enabled for any of the maps, the 
eight bits of the bit value in the Set/Reset Register, which have been operated on by 
the Bit Mask Register, are then written to the corresponding display memory map. If 
the Set/Reset Register function is disabled, the map is written with the CPU data 

which is rotated right by the number of bits defined in the Data Rotate Register (with 
the old LSB now the new MSB). 


Write Mode 1. This mode can be used to write the same value to many memory 
locations. The 32 bits of data in the system latches are written into each of the four 
memory maps. The system read operation loads the latches. 


Write Mode 2. Memory maps (3:0) are filled with the eight-bit value of the cor- 
responding CPU data bits (3:0). The 32-bit output of the four memory maps is then 
operated on by the Bit Mask Register and the resulting data is written to the four 


Write Mode 3. Eight bits of the value contained in the Set/Reset Register (Index = 
00H) is written into the corresponding map, regardless of the Enable Set/Reset 
Register (Index = 01H). The right rotated CPU data (see Write Mode 0) is ANDed with 
Bit Mask Register data to form an eight-bit mask value that performs the same func- 
tion as the Bit Mask Register in Write Modes 2 and 0. 
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WRITE MODE 






















TABLE 11. WRITE MODES 


7.4.8 Miscellaneous Register, Read/Write 
Port = 3CFH, Index = 06H 


ce 















Odd/Even 
Graphics Mode 


Bits (7:4) 
Reserved. 


Bits (3:2) 

Memory Map 1, 0. 

Display memory map control into the CPU ad- 
dress space is shown below: 







BIT3 | BIT2 | CPUADDRESS | LENGTH 
RANGE 
A000:0H- 128KB 
BFFF:FH 
1 A000:0H- 64KB 
AFFF:FH 
1 BO00:0H- 32KB 
B7FF:FH 
1 1 B800:0H- 32KB 
BFFF:FH 
Bit 1 
Odd/Even Mode. 


O = CPU address Bit AO is the memory address 
Bit MAO. 

1 = CPU address Bit Ais replaced by higher 
order address bit. AO is then used to select 
odd or even maps. AO = 0 selects Map 2 or 0, 
while AO = 1 selects Map 3 or 1. 









ff) 2/11/92 


16-53 








WD90C30 


WD90C30 REGISTERS 





Bit 0 

Graphics/Alphanumeric Mode. 

This bit is programmed the same way as Bit 0 of 
the Attribute Mode Control Register. 

0 = Alphanumeric mode selects. 

1 = Graphics mode selected. 


7.4.9 Color Don’t Care Register, Read/Write 
Port = 3CFH, Index = 07H | 


Memory Map 0 
















Bits (7:4) 
Reserved. 


Bits (3:0) 
Memory Map Color Compare Operation. 


0 = Disable color compare operation. 
1 = Enable color compare operation. 


7.4.10 Bit Mask Register, Read/Write 
Port = 3CFH, Index = 08H 


FUNCTION | 


Bits (7:0) 


Bit mask operation applies simultaneously to all the 
four maps. In Write Modes 2 and 0, this register 
provides selective changes to any bit stored in the 
system latches during processor writes. Data must 
be first latched by reading the addressed byte. After 
setting the Bit Mask Register, new data is written to 
the same byte in a subsequent operation. Bit mask 





3C0 
3C0 
~ 


operation is applicable to any data written by the 

processor. 

0 = Bit position value is masked or is not change- 
able. 

1 = Bit position value is unmasked and can be 
changed in the corresponding map. 


7.5 ATTRIBUTE CONTROLLER REGISTERS 


PORT | INDEX 
(HEX) | (HEX) 
/— | Index Register 
00-OF | Palette Registers 


10 Attribute Mode Control 
: Register 


Overscan Control Register 
12 .|- Color Plane Enable 
Register 
1 Horizontal PEL Panning 

Register 


Color Select Register 
NOTES: 


1. The Attribute Index Register has an internal 
flip-flop, rather than an input bit, which con- 
trols the selection of the Address and Data 
Registers. Reading the Input Status Register 
1 (Port = 3?AH) clears the flip-flop and 
selects the Address Register, which is read 
through address 3C1H and written at address 
3COH. Once the Address Register has been 
loaded with an index, the next write operation 
to 3COH will load the Data Register. The flip- 
flop toggles between the Address and the 
Data Registers after every write to address 
hex 3COH, but does not toggle for reads to 
address 3C1H. 

2. Attribute register data is written at 3COH and 
register data is read from address 3C1H. 

3. Reserved bits should be set to zero. 
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7.5.1 Attribute Index Register, Read/Write 
Port = 3COH 










Palette Address Source 
Attribute Address Bits 





Bits (7:6) 
Reserved. 7.5.3 Attribute Mode Control Register, Read 
Port = 3C1H/Write Port = 3COH, 
Index = 10H 
Bit 5 
Palette Address Source. BIT FUNCTION 
0 = Disable internal color palette outputs and 7 VID5, VID4 Select 


video outputs to allow CPU access to color 
palette registers (Index 00 - OFH). PEL Width 
1 = Enable internal color palette and normal PEL Panning Compatibility 


aaah 4 


Bits (4:0) 3 Enable Blink/Select Background In- 
tensity 


Attribute Controller Index Register Address Bits. 3 Enable Line Graphics Character Code 


: 
Graphics/Alphanumeric Mode 





7.5.2 Palette Registers 00-OFH, Read 
Port = 3C1H/Write Port = 3COH 


Ww 
~ 
~] 


VID5, VID4 Select. 

0 = VID5 and VID4 palette register outputs are 
selected. 

1 = Color Select Register (Index 14H) Bits 1 and 
O are selected for outputs at VID5 and VID4 
pins. 


Bit 6 
Pixel Width. 


0 = Disable 256 color mode pixel width. The 
PCLK output is the same as the internal dot 





Bits (7:6) 


clock rate. 
Reserved. 1 = Enable pixel width for 256 color mode. The 
PCLK output is the internal dot clock divided 
Bits (5:0) by two. 


Palette Pixel Colors. 

They are defined as follows: 

0 = Current pixel color deselected. 

1 = Enable corresponding pixel color per the 
following table. 
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Bit 5 

PEL Panning Compatibility. 

Line Compare in the CRT Controller. 

0 = ALine compare will have no effect on the 
PEL Panning Register. 

1 = Allows a successful line compare to disable 
the PEL Panning Register and also Bits 6 
and 5 of the CRT Controller Register 08 until 
VSYNC occurs. Allows pixel panning of a 
selected portion of the screen. 


Bit 4 
Reserved. 


Bit 3 

Background Intensity/Blink Selection. 

0 = Selects background intensity from the MSB of 
the attribute byte. 

1 = Selects blink attribute. 


Bit 2 


Enable Line Graphics Character Code. 

Set this bit to zero for character fonts that do not 

utilize line graphics character codes. 

0 = Forces ninth dot to be the same color as 
background in line graphics character codes. 

1 = Used in MDA line graphics modes. The ninth 
dot character is forced to be identical to the 
eighth character dot. 


Bit 1 
Mono/Color Emulation. 


0 = Color display attributes. 
1 = MDAattributes 


Bit 0 
Graphics/Alphanumeric Mode Enable. 


0 = Alphanumeric mode. 
1 = Graphics mode. 






7.5.4 Overscan Color Register, 
Read Port = 3C1H, Write Port = 3COH, 
index = 11H 


FUNCTION 
VID7 









Bits (7:0) 


Overscan/Border Color. 

They determine the overscan or border color. For 
monochrome display, this register is set to "0". 
Border colors are set as shown above. 


7.5.5 Color Plane Enable Register, 
Read Port = 3C1H, Write Port = 3COH, 
index = 12H 


cer [FUNCTION 


Reserved 


76 
| 5 | Video Status MUX1 





ae | Video Status MUX0 
Enable Color Plane 


Bits (7:6) 
Reserved. 





Bits (5:4) 

Video Status Control. 

These bits select two out of eight color outputs 
which can be read by the Input Status Register 1 
(Port = 03?AH) Bits 5 and 4. 





16-56 


2/11/92 = 
M- 


WD90C30 REGISTERS 


WD90C30 















: 


Bits (3:0) 

Color Plane Enable. 

0 = Disables respective color planes. Forces 
pixel bit to O before it addresses palette. 

1 = Enables the respective display memory color 
plane. 





7.5.6 Horizontal Pel Panning Register, 
Read Port = 3C1H, Write Port = 3COH, 
Index = 13H 


BIT FUNCTION 
Horizontal PEL Panning 


Bits (7:4) 
Reserved. 







Bits (3:0) 

Horizontal Pixel Panning. 

It is available in text or graphics modes. These 
bits select pixel shift to the left horizontally. For 
nine dots/character modes, up to eight pixels can 
be shifted horizontally to the left. Likewise, for 
eight dots/character up to seven pixels can be 
shifted horizontally to the left. For 256 color, up to 
three position pixel shifts can occur. The following 
table defines the shift in different modes. 





7.5.7 Color Select Register, Read Port = 3C1H, 
Write Port = 3COH, Index = 14H 








FUNCTION 










Reserved 
S_Color 7 


ro [Steers 


Bits (7:4) 
Reserved. 









sarraeenctettiv nae teint ieee 






Bits (3:2) 

Color Value MSB. 

Two most two significant bits of the eight-digit 
color value for the video DAC. They are normally 
used in all modes except 256 color graphics. 

Bit 3 = Set color bit VID7. 

Bit 2 = Set color bit VID6 


Bits (1:0) 

Substituted Color Value Bits. 

These bits can be substituted for VID5 and VID4 
output by the Attribute Controller palette registers, to 
create eight-bit color value. They are selected by the 
Attribute Controller Mode Control Register (Index = 
10H). 
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7.6 COMPATIBILITY REGISTERS 


BF 














AT&T/M24 Register 
Hercules Register 


Preset Light Pen Latch 3B9 (Mono) 
3DC (CGA) 
Clear Light Pen Latch 


NOTES: 

1. The Compatibility Registers are available only 
in 6845 mode (non-VGA), which is enabled 
by setting PR Register PR2(6) = 1. 






2. The AT&T/M24 Register also requires that 
M24 mode be enabled. This is done by set- 
ting PR Register PR2(7) = 1. 


3. "?" Value is controlled by Bit 0 of the Miscel- 
laneous Output Register and is programmed 
as shown below: 

0 = B in Monochrome Modes 
1 = D in Color Modes 


7.6.1 Hercules/MDA Mode Control Register, | 


MDA Operation Write Only Port = 3B8H 


FUNCTION 


7 Reserved/Display Memory Page 
Select 


Reserved 
Enable Blink 
Reserved 
Video Enable 
Reserved 


Reserved/ Port 3BFH Enable 
High Resolution Mode 











: 








— | NO 





Oo 








Bit 7 

Reserved in MDA mode. 

lf Bit 1=1 and Port 3BFH Bit 0 = 1, then this bit in 

Hercules Graphics mode selects the Display 

Memory Page. 

0 = Display memory page address starts at 
BOO0:0H. 

1 = Display memory page address starts at 
B800:0H. 


Bit 6 
Reserved. 


Bit 5 

Enable Blink. 

0 = Disable Blinking 
1 = Enable Blinking 


Bit 4 
Reserved. 


Bit 3 

Video Enable. 

0 = Video Disabled 
1 = Video Activated 


Bit 2 
Reserved. 


Bit 1 

Port 3BFH Enabled. 

0 = Prevents setting of Port 3BFH Bits 1:0, there- 
by forcing the alpha mode operation. 

1 = Allows the Port 3BFH Bits 1:0 to switch for 
the alpha or graphics mode selection. 


Bit 0 

High Resolution Mode. 
Should be set to "1". 

O = High resolution disabled. 

1 = High resolution is enabled. 
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7.6.2 Hercules Registers 


The Hercules Mode Register is a two-bit write 
only register located at I/O port address 3BFH. It 
affects the device operation only in the 6845 
mode. The enable mode register located at the 
address 3B8H overrides the write Port 3BFH func- 
tions defined by its Bits 0 and 1. The associated 
details are shown below. 


7.6.3 Enable Mode Register 3B8H 


7 Display Memory Page Address 
Graphics Mode 
Enable Blink 





Bit 7 

Display Memory Page Address In Graphics Mode. 

0 = Display memory page address starts at 
BOO00:0H. 

1 = Display memory page address starts at 
B800:0H. 


Bits (6:2,0) 
Reserved. 


Bit 1 

Port 3BFH Bit 0 Override. 

0 = Prevents setting of Port 3BFH Bit 0, thereby 
forcing the alpha mode operation. 

1 = Allows the Port 3BFH Bit 0 to switch for the 
alpha or graphics mode selection. 


7.6.4 Hercules Compatibility Register, Write 
Only Port = 3BFH 


Bits (7:2) 
Reserved. 












Bit 1 

Upper Memory Page Address. 

Enable Mode Control Register (8B8H) Bit 7 
selects the displayed memory page address in 
the graphics mode. When it is reset, Bit 1 
prevents access to the second memory page, lo- 
cated at B800:0H for the 32 Kbyte memory space. 
0 = Upper memory page is mapped out. 

1 = Upper memory page is accessible. 


Bit 0 

Enable Graphics. 

Allows the Enable Mode Register (8B8H) Bit 1 to 
override. 

0 = Alpha mode display. 

1 = Graphics modes may be displayed. 


7.6.5 Color CGA Operation Register, Write 
Only Port = 3D8H 












B/W/Color Mode Select 
Graphics/Alpha Mode Select 
io. Alpha Mode 


Bits (7:6) 
Reserved. 
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Bit 5 

Enable Blink Function. 

0 = Disables blinking function. 

1 = For normal operation, set this bit to allow 
blinking. ~ 


Bit 4 

B/W Graphics Mode Enable. 

0 = Deselect 640 by 200 B/W graphics mode. 
1 = Enable 640 by 200 B/W graphics mode. 


Bit 3 
Activate Video Signal. 
0 = Deactivates video signal. This is done during 


mode changes. 
1 = B/W mode enabled. 


Bit 2 

B/W or Color Display Mode. 
0 = Color Mode Selected. 

1 = B/W Mode Selected. 


Bit 1 
Text or Graphics Mode Selection. 


0 = Alpha mode enabled. 
1 = Graphics mode (320 by 200) activated. 


Bit 0 
(40 by 25) or (80 by 25) Text Mode Selection. 


O = 40 by 25 alpha mode enabled. 
1 = 80 by 25 alpha mode activated. 


7.6.6 CGA Color Select Register, Write Only 
Port = 3D9H 










Red Border 
0 | Blue Border 





WD90C30 REGISTERS 
Bits (7:6) 
Reserved. 
Bit 5 
320 by 200 Color Set Select for the CGA (two bits 
per pixel). 


0 = Background, green, red, brown colors. 
1 = Background, cyan, magenta, white colors. 


Bit 4 
Alternate Color Set Enable. 


0 = Background color in alpha mode. 
1 = Enable alternate color set in graphics mode. 


Bit 3 

Border Intensity. 

Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 


Alphanumeric mode. 

1 = Selects intensified border color. 

320 by 200 Graphics Mode. 

1 = Selects intensified background and border 
color (CO - C1). 

640 by 200 Graphics Mode. 

1 = Selects red foreground color. 


Bit 2 

Red Border/Background 

Border color select in text modes and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 


Alphanumeric Mode. 

1 = Selects red border color. 

320 by 200 Graphics Mode. 

1 = Selects red background and border color 
(CO - C1). 

640 by 200 Graphics Mode. 

1 = Selects red foreground color. 


Bit 1 

Green Border/Background. 

Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 
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Alphanumeric Mode. 

1 = Selects green border color. 

320 by 200 Graphics Mode. 

1 = Selects green background and border color 
(CO - C1). 

640 by 200 Graphics Mode. 

1 = Selects green foreground color. 


Bit 0 

Blue Border/Background. 

Border color select in text modes, and screen 
background color in 320 by 200 and 640 by 200 
graphics mode. 


Alphanumeric Mode. 
1 = Selects blue border color. 


320 by 200 Graphics Mode. 
1 = Select blue background and border color (CO - 
C1). 


640 by 200 Graphics Mode. 
1 = Selects blue foreground color. 


7.6.7 CRT Status Register, MDA Operation, 
Read Only Port = 3BAH 


Po | Display Enable active 










Bit 7 
Vertical Retrace. 
O = Indicates the raster is in vertical retrace mode. 


1 = Indicates vertical retrace is inactive (inverted 
VSYNC if I/O is mapped into 3BXH). 


Bits (6:4) 
Reserved. 


Bit 3 
B/W Video Status. 


0 = B/W Video disabled. 
1 = B/W Video enabled. 






WD90C30 


Bits (2:1) 
Reserved. 


Bit 0 

Display Enable. 

O = Display Enable is active. 

1 = Indicates the screen border or blanking is ac- 
tive; Display Enable is inactive. 


7.6.8 CRT Status Register, CGA Operation, 
Read Only Port = 3DAH 


Light Pen Latch Set 
Display Enable Inactive 














ca 





Bits (7:4) 
Reserved. 


Bit 3 

Vertical Retrace. 

O = Indicates vertical retrace is inactive. 

1 = Indicates the raster is in vertical retrace mode. 


Bit 2 

Light Pen Switch Status. 

0 = Light pen switch closed. 
1 = Light pen switch open 


Bit 1 

Light Pen Latch. 

0 = Light pen latch cleared. 
1 = Light pen latch set. 


Bit 0 

Display Enable. 

0 = Display Enable is active. 

1 = Indicates the screen border or blanking ac- 
tive; Display Enable is inactive. 
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7.6.9 AT&T/M24 Register, Write Only 
Port = 3DEH 


This is a write only, eight-bit register located at 
address 3DEH. It is used to control the 640 by 
400 AT&T graphics mode. All bits are set to zero 
by reset. This register is enabled by setting Bit 7 
in PR Register 2 (PR2). 


re | Whitetue Undering 
2 
1 












"2 | Character Set Select 
1 [Resved 
ro [AT&T Mode Enable 


Bit 7 
Reserved. 


Bit 6 

White/Blue Underline. 

Defines underline attribute according to the MDA 

display requirements. 

0 = Underline attribute selects blue foreground in- 
color text modes. 

1 = Underline attribute selects white underlined 
foreground. 


Bits (5:4) 
Reserved. 


Bit 3 

Page Select. 

Selects between one or two 16 Kbyte RAM page 

for display in 200 line graphics mode. 

0 = Display memory address starts at B800:0H 
(16 Kbyte length). 

1 = Display memory address starts at BCO0:0H 
(16 Kbyte length). 


Bit 2 

Character Set Select. 

Selects between two character font planes. 
0 = Standard character font from plane 2. 

1 = Alternate character font from plane 3. 


Bit 1 
Reserved. 


Bit 0 

M24 or Non-IBM Graphics Mode, 400-line mode. 

A 400-line monitor is required for this mode. 

0 = 200-line graphics mode active, using paired 
lines. 

1 = AT&T mode enabled for 400-line graphics. 
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7.7 WD90C30 PR REGISTERS 


The WD80C30 has additional features that en- 
hance the performance and functions of the 
Western Digital Imaging PVGA1A, introduced ear- 
lier, and the basic VGA subsystem. To accomplish 
this, the WD90C30 architecture is optimized with 
additional |/O registers. 


The registers are at the I/O locations unused by 
IBM. All registers are read/write, except where 
noted. 


NOTES: 

1. The designation 3?5H means that the register 
is Mapped into either 3B5H in monochrome 
mode or 3D5H in color modes. 

2. PR register notation - XXX.YY where XXX is 
the data port address and YY is the register 
index, e.g., 3CF.0F implies OF — 3CEH 
(Select Index register) followed by (Data 
byte) - 3CFH (Data Port). 


Registers PRO through PR4 and PR11 through 
PRiA are normally locked. They are write 
protected at power-up by the hardware reset. In 
order to load those registers, the appropriate un- 
lock register PR5 or PR10 must be loaded first 
with binary XXXXX101. A register remains un- 
locked until another value is written to the unlock- 
ed register. Registers PR5 through PRO are 
readable only if PR4 Bit 1 = 0. Registers PR17 
through PR10 are read protected at power up by 
hardware reset. In order to read registers PR17 
through PR10 load PR10 with 1XXXOXXX. The 
register remains readable until any other value is 
written to PR10. When registers PR17 through 
PR10 are read protected, reading them would 
show data to be FFH. Setting PR4 Bit 1 to "1" 
does not read protect registers PR17 through 
PR10. PR23-PR21 and PR35-PR30 are R/W 
protected by PR20. PR20 must be loaded with 
48H to make it possible to read or write to PR23- 
PR21 and PR35-PR30. All PR registers are set to 
"O" at power on reset except where noted. 


Table 7 provides a summary of the PR registers. 


WD90C30 


7.7.1_ Address Offset Registers PROA And 
PROB 


PROA - Address Offset Register A, 
Read/Write Port = 3CFH, Index = 09H 


BIT FUNCTION 
7:0 Primary Address Offset Bits 


PROB - Address Offset Register B, 
Read/Write Port = 3CFH, Index = OAH 


BIT FUNCTION 
7:0 Alternate Address Offset Bits 


The WD90C30 can control up to 1 Mbyte of dis- 
play memory. However, DOS only assigns 128 
Kbytes total memory space for display memory, 
which starts at AOOOOH and ends at BFFFFH. To 
help VGA to reach the memory beyond this range, 
the WD90C30 has two CPU address offset 
registers PROA and PROB which can be used to 
support more than 128 Kbytes of linear display 
memory address space. 


The contents of PROA (Bits 6:0) or PROB (Bits 
6:0) are always added to the CPU address 
A(19:12) before they are translated to display 
memory address. This can be thought of as seg- 
ment register DS and ES in the 8088/80X86 ar- 
chitecture. PROA and PROB will then provide four 
Kbyte segmentation of the display memory. (In- 
crement PROA or PROB by one of its equivalents 
to jump from a four Kbyte segment to another four 
Kbyte segment of the display memory.) 


PROA and PROB are all set to zero at power-on- 
reset. There are two ways to control whether 
PROA or PROB get added into CPU address. 
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¢ Sequencer Extension Register 3C5H, 
Index = 11H, Bit 7 = 0. 
When PR1-3 = 0, then PROA is always 
selected as the CPU address offset register. 


When PR1-3 = 1 and if the display memory is 
mapped into AOOO - BFFFF (128 Kbytes), 
PROA offset CPU address range is BOOOO - 
BFFFF; the PROB offset CPU address range is 
A0000 - AFFFF. (If CPU address bit A16 = 1, 
select PROA. Otherwise PROB is selected.) 


When PR1-3 = 1 and if the display memory is 
mapped into AOQOOO - AFFFF (64 Kbytes) or 
BOOOO - B7FFF or B800 - BFFFF (32 Kbytes), 
then PROB offset CPU address range is A0000 
- A7FFF or BOO00 - B7FFF. PROA offset CPU 
address range is A8000 - AFFFF or B8000 - 
BFFFF. (If CPU address bit A15 = 1, select 
PROA. Otherwise PROB is selected.) 


¢ Sequencer Extension Register 3C5H, 
Index = 11H, Bit 7 = 1. 
Both PROA and PROB are enabled. A CPU 
memory write will select PROB as the offset 
register. Otherwise, PROA is selected as the 
offset register. 


7.7.2 PR1- Memory Size, Read/Write 
Port = 3CFH, Index = OBH 






FUNCTION 


Memory Size Select 
Register PROB 
: 


This register is eight bits wide. Bits PR1(1:0) are 
latched internally at power on reset from the cor- 
responding memory data bus pins MD10, MDO 
using either pull-up or pull-down external resis- 
tors. Pull-up resistors on MD10, MDO cause 
PR1(1:0) bits to be latched low. 







Bits (7:6) 

Memory Size. 

These two bits control memory size and memory 
organization. They both must be set to reflect the 
amount of memory installed. These bits in con- 
junction with PROA, PROB, PR16(1) select the 
way memory is mapped into the CPU address 
space. IF PR16(1) is set to "1", the memory map- 
ping will be set identical to the IBM VGA, regard- 
less of PR1(7), PR1(6). 


Tables 12 through 15 list the different settings on 
these two bits for different memory organizations. 
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PR1(7) =0 PR1(6) =0 256K TOTAL; IBM VGA MEMORY ORGANIZATION 






















ADDR BIT CPU CRT 
PA PA PA 
[/MA(i6) {oo fo o [fo oOo | 
Sar Pe ee ed 
Rie ee ee ee eee 
A(15 CA(13 

MA(0) A(0) CA(0) 14 CA(15) A(14) CA(12) 

or'4 


CA(13 
TABLE 12. IBM COMPATIBLE MEMORY ORGANIZATION 


PR1(7)=0 PR1(6)=1 256K TOTAL; 64K/PLANE; WD90C30 MEMORY ORGANIZATION _ 


VIDEO RAM WORD DBL WORD 

ADDR BIT CPU CRT CPU CRT CRT 

MAC ro 

MAC 
(14 


A(15) 
MA(14 A(14) CA(14) 


|S 
Cc 
> 


~~” 


— 
—— 


A 

( A(15) CA(13 
( C 

( 2) 

( 


7 

aia) OA 
A 
A 


A(2) ( 
MA(1 A(1) CA(1) A(17) CA(15) 
A(0) ( 


MA(O) A(0) CA(0 a 1 A(16) CA(14) | 
Or 
XRN(5 


TABLE 13. WD90C30 MEMORY ORGANIZATION - 256 KBYTES 


(2 
( 


PA 
15) CA(14) 
14) CA(13) 
Mac ag) Aa) CAO 
1) CA(0) 
A CA(15) 
) 
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PR1(7) = 1, PR1(6)=0 512K TOTAL;128K/PLANE; WD90C30 MEMORY ORGANIZATION 


VIDEO RAM BYTE 
ADDR BIT CPU , 
MA(17 PA PA PA PA PA PA 


MA(16 
MA(15 


MA(14 


CA(O 


A(16) CA(15) 
or?) 


XRN (5 
TABLE 14. WD90C30 MEMORY ORGANIZATION - 512 KBYTES 









ADDR BIT CPU CRT CPU CRT CPU CRT 


MA(14 A(14 CA(14 A(14 CA(13 A(14 CA(12 
MA(13 A(13 CA(13 A(13 CA(12 A(13 CA(11 












A(2 CA(2 A(2 CA(I A(2 CAO 
MA(t A CA(I CA(17 


{ A(t A(19 
A(0) CA(0) A(16) CA(15) A(18) CA(16) 
or 
XRN (5 


TABLE 15. WD90C30 MEMORY ORGANIZATION - 1 MBYTE 








| 
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NOTES: 


1. 
2. 
3. 


A(19:0) are WD90C30 internally modified system Addresses (CPU address + offset address). 
CA(17:0) are CRT Controller Character Address Counter Bits. 


XRN(5) is Miscellaneous Output Register 3C2H, inverted Bit 5. XRN(5) can be used to replace CPU 


address bits in order to select memory pages in word mode. In IBM compatible memory mapping, 


305.4, Bit 1 = 1 will select XRN(5) to replace CPU address bits. In other memory mapping schemes 


PR1(7,6) # 00, 3C5.4H, Bit 1 = 1 and PR16_ 2 = 1 will select XRN(5) to replace address bits. 
CA(15) is selected as MAO if CRTC Mode Register 17, Bit 5 = 1 in word addressing modes. 
PA is the memory plane select bit when DRAM interface is set for 16 bits. 


WD90C30 


PA = 0 selects Plane 1,0 
PA = 1 selects Plane 2,3 


6. MA(17:0) are divided into RAS, CAS addresses as follows: 







For 
MA(17,16) = 00 







Select 1st 
01 Select 2nd 
10 Select 3rd 
11 Select 4th 





Bits (5:4) 
PR1(5,4) Memory Map Select. 


IBM VGA mapping. CPU ad- 
dresses are decoded from 
OAOOOOH - OBFFFFH from the 
lowest 1 Mbyte CPU address 
space (depending on 
3CF.06H bits 2 and 3). 


First 256 Kbyte in any 1 


Mbyte CPU addressing space 
(XOOO00H - X3FFFFH) 


First 512 Kbyte in any 1 
Mbyte CPU addressing space 
(XQOO00H - X7FFFFH) | 


In any 1 Mbyte CPU address 
space (XO0O000H - XFFFFFH) 


PR34(3C5.14H) Bits 3-0 control to which 1 Mbyte 
of CPU address space the WD90C30 is mapped. 
See section 7.7.27. 


Bit 3 
Enable Alternate Address Offset Register PROB. 


For 2256K by 4DRAMor | MA(16)- MA(8) > RA 
256K by 16 DRAM MA(17), MA(7) - MA(0) = AS 
64K by 16 DRAM MA(15) - MA(8) => 
MA(7) - MA(0) => 















-RA 
- CAS 


ae 
BEBE 
ae 


8) 0) 
8) 0) 
RAS(7) - RAS(0) 
AS(7) - CAS(0) 


e 
DID 
NS 

: 


( 








64K bank 
64K bank 
64K bank 
64K bank 



















Bit 2 


Enable 16 bit system interface bus. 
When set to "1", MEMCS16 will be active low for 
all of the video memory cycles. 


Bit 1 

16-bit BIOS ROM. 

When set to "1", the BIOS ROM has a 16 bit data 
path (ROM16 will respond to ROM access). 
Otherwise, the BIOS ROM has an eight-bit data 
path. 





A pull-down resistor on MD10 will set this bit to "1" 
after power-on reset. This bit can also be set to 
"1" by an I/O write cycle only if the CNF(1) = 1. 


Bit 0 

BIOS ROM Map Out. 

If set to "1", the BIOS ROM is mapped out. A 
pull-down resistor on MDO sets this bit to "1" at 
power-on-reset. 
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7.7.3  PR2-Video Select Register, Read/Write 
Port = 3CFH, Index = OCH 


re | 6845 Compatiity 
re 
















Bit 7 
Enable AT&T/M24 Register and Mode. 


Bit 6 

6845 Compatibility. 

0 = VGA or EGA mode 

1 = Non-VGA (6845) mode 


Bit 5 

Character Map Select. 

The following functions are overridden by setting 
PR15(2). This bit in conjunction with PR2(2) and 
Bit 3 of the attribute code, enables character 


maps from Planes 2 or 3 to be selected per the 


table below: 


PR2(5) | PR2(2) | ATT(4) | PLANE 
SELECT 


a) ee 
eae a ae ee 
ae ee 
ae Le | 






NOTE: 
Setting PR15(2) = 1, i.e., selecting page mode 
addressing overrides plane selected table shown 
above. 






Bits (4:3) 
Character clock period control. 


IBM VGA character clock 
(8 or 9 dots) 

1 7 dots (used for 132-character text 
mode only) 


| 
NOTE: 
The character clock period control functions have 


no effect in graphics modes (Graphics Mode al- 
ways uses eight dots). 







x 





6 dots if PR17(5) = 0; 10 dots if 
PR17(5) = 1. 





Bit 2 

Underline and character map select. 

Setting this bit to "1" enables underline for all odd 
values of attribute codes, e.g., programming "1" 
gives blue underline. It overrides the background 
color function of the attribute code Bit 3, which is 
forced to "0". Therefore, only eight choices of 
background colors are selectable. This function 
allows trading background colors for more charac- 
ter maps. In conjunction with PR2(5), this bit is 
also decoded to enable character maps from 
planes 2 or 3. See PR2(5) for details. 


Bit 1 

Third Clock Select Line. 

This bit is the third clock select line VCLK2 which 
is sent to the external clock chip if CNF(3) is set to 
"{". When CNF(3) is set to "0", it locks the inter- 
nal video clock select multiplexer. 


Bit 0 

Forces horizontal sync timing clock of the CRTC 
to VCLK. 

Uses VCLK when Sequencer Register 1, Bit 3, is 
set for VCLK/2. This is for compatibility modes 
that require locking the CRTC timing parameters. 
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7.7.4 PR3- CRT Lock Control Register, 
Read/Write Port = 3CFH, Index = ODH 


6 [Lock HSYNG Polarty 








0 | Leck Verical Tining 


Bit 7 
Lock VSYNC polarity as programmed at 3C2H Bit 7. 












Bit 6 
Lock HSYNC polarity as programmed at 3C2H Bit 6. 


Bit 5 

Lock Horizontal Timing. 

Locks CRTC registers of Group 0 and 4. Prevents 
attempts by applications software to unlock Group 
0 registers by setting 375.11H Bit 7 = 0. 


Bit 4 

Bit 9 Control. 

Bit 9 of CRT Controller Start Memory Adress High 
Register 375.0CH and Bit 9 of Cursor Location 
High 375.0EH. This bit corresponds to Character 
Address CA(17). 


Bit 3 

Bit 8 Control. 

Bit 8 of CRT Controller Start Memory Address 
High Register 37?5.0CH and Bit 8 of Cursor Loca- 
tion High 375.0EH. This bit corresponds to Char- 
acter Address CA(16). 


Bit 2 

Cursor Control. 

Cursor Start, Stop, Preset Row Scan, and Maxi- 
mum Scan Line Address registers values multi- 
plied by two. 


Bit 1 

Lock Prevention. 

Bit 1 = 1 prevents attempts by applications 
software to lock registers of Group 1 by setting 
3?5.11H, Bit 7 = 1. 


Bit 0 

Lock vertical timing. 

Bit 0 = 1 locks CRTC registers of Groups 2 and 3. 
Overrides attempts by applications software to un- 
lock Group 2 registers by setting 375.11H, Bit 7 = 0. 


7.7.5 WD90C30 CRT Controller Register 
Locking 

Register locking is controlled by four bits. They 
are PR3(5,1,0) and 375.11H(7) (i.e. IBM Vertical 
Retrace End Register Bit 7 controlled by Index 
Register 11). When 375.11H Bit 7 is "1", CRT 
controller registers (RO-7) are write-protected per 
VGA definition. For more information on the five 
groups and their locking schemes, refer to the 
following sections. 


All Port and Index addresses are in hex. 


¢ Group 0 
These registers are locked if PR3(5) = 1 OR 
325.11(7) = 1. 


375 Index 00 - Horizontal Total Characters per 
scan | 


325 Index 01 - Horizontal Display Enable End 
375 Index 02 - Start Horizontal Blanking 
375 Index 03 - End Horizontal Blanking 
375 Index 04 - Start Horizontal Retrace 


375 Index 05 - End Horizontal Retrace 


¢ Group 1 
These registers are locked if PR3(1) = 0 AND 
375.11(7) = 1. 


375 Index 07 (Bit 6) - Vertical Display Enable 
End Bit 9 


375 Index 07 (Bit 1) - Vertical Display Enable 
End Bit 8 
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375 Index 3E (Bit 1) - Vertical Display Enable 
End Bit 10 


¢ Group 2 
These registers are locked if PR3(0) = 1 OR 
375.11(7)= 1. 


375 Index 06 - Vertical Total 

375 Index 07 (Bit 7) - Vertical Retrace Start Bit 9 
375 Index 07 (Bit 5) - Vertical Total Bit 9 

375 Index 07 (Bit 3) - Start Vertical Blank Bit 8 
375 Index 07 (Bit 2) - Vertical Retrace Start Bit 8 
375 Index 07 (Bit 0) - Vertical Total Bit 8 

375 Index 09 (Bit 5) - Start Vertical Blank Bit 9 
375 Index 3E (Bit 0) - Vertical Total Bit 10 


375 Index 3E (Bit 2) - Vertical Retrace Start Bit 
10 


375 Index 3E (Bit 3) - Start Vertical Blank Bit 
10 

¢ Group 3 
These registers are locked if PR3(0) = 1. 
375 Index 10 - Vertical Retrace Start 
375 index 11 [Bits(3:0)] - Vertical Retrace End 
375 Index 15 - Start Vertical Blanking 


375 Index 16 - End Vertical Blanking . 


¢ Group 4 
This register is locked if PR3(5) = 1. 


CRTC mode control register 17(Bit 2) - Selects 
divide-by-two vertical timing. 


7.7.6 PR4- Video Control Register, 
Read/Write Port = 3CFH, Index = 0OEH 


The video monitor output control register (PR4) 
can be programmed to tristate the CRT display 
control outputs as well as video data for the RAM- 
DAC, and memory control outputs.. 







re PCUKAVCLK 









Override CGA Enable Video Bit 


Lock Internal Palette and Overscan 
Registers 


EGA Compatibility 
Extended 256-color Shift Register 
Control 







Bit 7 

BLANK/Display Enable. 

This bit controls the output signal BLANK. Nor- 
mally in the VGA mode, BLANK is used by the 
external video DAC to generate blanking. If this 
Bit = 1, the BLANK output supplies a display 
enable signal. A choice of two types of display 
enable timings can be selected, and is deter- 
mined by PR15(1). 








Bit 6 

Select PCLK equal to VCLK. 

0 = PCLK is the inverted internal video dot clock, 
or half the dot clock frequency, depending 
upon the video mode. 

1 = PCLK is always the non-inverted VCLK input 
Clock. 


Bit 5 
Tristate outputs VID(7:0), HSYNC, VSYNC, and 
BLANK. 





Bit 4 

Tristate memory control outputs. 

The memory address bus MA(8:0), and all ten 
DRAM control signals are tristated when this bit is 
set to "1". 





16-70 


2/11/92 - 
- 


WD90C30 REGISTERS 


Bit 3 

Override CGA Enable Video Bit. 

Overrides the CGA "enable video" Bit 3 of mode 
register 3D8H, only in 80 by 25 alpha CGA (Non- 
VGA) mode. Override effectively forces this bit to 
"1". Power-on-reset causes no override. 


Bit 2 
Set to 1 to lock Internal palette and overscan 
registers. 


Bit 1 

EGA compatibility bit where 1 = EGA Compatible 
Mode. 

It disables reads to all registers which are write- 
only registers in the IBM EGA. Also, registers at 
3CQH/3C1H change to write-only mode if the 
EGA compatibility bit is set. Setting this bit to "1" 
also disables reading PR5 through PRO. In VGA 
mode [PR(4) Bit 1 is zero] 3COH register is 
read/write while 3C1H register is read only, per 
the Attribute Controller Register’s definitions. 


Bit 0 

Extended Shift Register Controi. 

This bit should be set to "1" to select for extended 
256-color modes (IBM Mode 13 is not included). 


7.7.7 PR5 - General Purpose Status Bits, 
Read/Write Port = 3CFH, Index = OFH 


= 













Read CNF(7) Status 


) 
Read CNF(8) Status 


PRO-PR4 Unlock 








= 








Bits (2:0) are read/write bits and cleared to zero by 
reset. They provide lock or unlock capability for PR 
registers PR4 through PRO. The PR4 through PRO 
registers are unlocked when "X5H" is written to PR5. 


WD90C30 


They remain unlocked until any other value is written 
to PR5. This register also provides readable status 
for the configuration register Bits 4 through 8. Set- 
ting PR(4) Bit 1 to "1", read protects registers PRO 
through PR5. 


Bit 7 CNF(7) [READ ONLY] 
Bit 6 CNF(6) [READ ONLY] 
Bit 5 CNF(5) [READ ONLY] 
Bit 4 CNF(4) [READ ONLY] 
Bit 3 CNF(8) [READ ONLY] 
Bits (2:0) 


READ/WRITE bits and cleared to zero by reset. 
They control writing to PR registers PR4 through 
PRO as follows: 


210 PR4-PRO 

OXX Write protected 
X1xX Write protected 
XX0 Write protected 


101 Write enabled 


7.7.8 PR10 Unlock PR11-PR1A Read/Write 
Port = 325H, Index = 29H 


This register is read/write and cleared to zero by 
reset. PR10 can be loaded if it contains XXXXX101, 
and can only be read if ithas 1XXX0OXXX. Bits (7, 3), 
Bits (6:4), and Bits (2:0) control access to PR 
registers PR10 - PR1A. Bits (7, 3) enable register 
read operation for PR10 - PR1A. Bits (6:4) may be 
used as scratch pad. Bits (2:0) enable register write 
operation forPR11-PR1A. 


FUNCTION 
PR1A-PR10 - Read Enable Bit 1 


PR10(6:4) - Scratch Pad 


3 PR1A-PR10 - Read Enable Bit 0 
PR1A-PR11 - Write Enable 


BIT7 | BIT3 | PR17-PR10 
X Read protected, read back 
data FFH 
1 Read protected, read back 
data FFH 


Read Enabled 
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on 


0 | 1 | Write enabled 
x 


cxf x 
C0 Scratch pad 


1 Reserved for 
manufacturing test. 


7.7.9 PR11 EGA Switches, Read/Write 
Port = 325H, Index = 2AH 


The EGA switch configuration details are stored in 
the PR11 register bits. 


6 | EGASWA/General Purpose 
5 | EGASW2IGeneral Purpose 
a 
= 
= 
















a 










ace 






EGASW1/General Purpose 
EGA Emulation on Analog Display 
Lock Clock Select 


1 Lock Graphics and Sequencer 
Screen Control 
Le] Lock 8/9 Character Clock 


Bits (7:4) 

EGA Configuration Switches SW4-SW1. 

These read/write bits from corresponding memory 
data bus pins MD(15:12) are latched internally at 
power-on-reset with either pull-up or pull-down ex- 
ternal resistors. Pulling-up MD(15:12) causes 
PR11(7:4) to be latched high. These bits can be 
read as Bit 4 of Port 3C2H if the EGA compatibility 
bit PR4(1) has been set to "1". Selection of the bit 
to be read is determined by Bits 3 and 2 of the 
Miscellaneous Output Register 3C2H, as follows. 





These bits can be used as General Purpose 
scratch bits. 


WD90C30 REGISTERS 


3C2 bit3 | 3C2 bit 2 
0 | 0 __| PR14(7) [=-EGASW4] | 
0 | 1 _| PR114(6) [-EGA SW3] __ 
1 | 0 _| PR14(5) [-EGA SW2]_| 


PR11 Bits 3 through 0 are read/write and cleared 
to zero at power-on-reset. 


















Bit 3 
Select EGA Emulation on a PS/2 (VGA-com- 
patible, analog) display. 


Bit 2 
Lock Clock Select. 
This bit locks the internal video clock select multi- 


plexer and disables loading of an external clock 
chip through VCLK1. 


Bit 1 

Lock Graphics Controller/Sequencer Screen Con- 
trol. 

Setting PR11(1) to "1" prevents modification of the 
following bits in the Graphics Controller as well as 
the Sequencer: 


3CF.05H bits (6:5) 
3C5.01H bits (5:2) 
3C5.03H bits (5:0) 


Graphics Controller 
Sequencer 
Sequencer 


Although the internal functions selected by the 
graphics controller and sequencer bits are locked 
by setting PR11 Bit 1 to "1", they appear unlocked 
to the system processor during read operation. 


Bit 0 

Lock 8/9 Dots. 

Setting this bit to "1" prevents modification of the 
Clocking Mode Sequencer Register 3C5.01H, Bit 
0. Although eight or nine character timing is lock- 
ed by setting PR11 Bit 0 to "1", the 3C5.01H Bit 0 
appears unlocked to the system processor during 
read operations. 
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7.7.10 PR12 Scratch Pad, Read/Write 
Port = 325H, Index = 2BH 


BIT FUNCTION 


7:0 Scratch Pad Bits (7:0) 


The data in this register is unaffected by hardware 
reset and undefined at power-up. 


7.7.11 PR13 Interlace H/2 Start, Read/Write 
Port = 325H, Index = 2CH 


BIT FUNCTION 


7:0 Interlaced H/2 Start 


The data in this register is unaffected by hardware 
reset and undefined at power-up. This register 
defines the starting horizontal character count at 
which vertical timing is clocked on alternate fields 
in interlaced operation. Interlaced operation is 
enabled by setting PR14(5) to "1". All other stand- 
ard non-interlaced modes are unaffected by the 
contents of this register. This register must be 
programmed with a value derived from the values 
chosen to be programmed into the Horizontal 
Retrace Start Register (875.04H) and Horizontal 
Total Register (375.00H): 


PR13(7:0) = [HORIZONTAL RETRACE START] - 
(HORIZONTAL TOTAL + 5)/2] + HRD 


NOTE: 

In the above expression, HRD = Horizontal 
Retrace Delay, determined by Bits 6 and 5 of the 
Horizontal Retrace End Register (875.05H). 


7.7.12 PR14 Interlace H/2 End, Read/Write 
Port = 375H, Index = 2DH 


Bits 4 through 0 are unaffected by hardware reset 
and undefined at power up. Bits 7 through 5 are 
cleared to "0" by reset. 


FUNCTION 


Enable IRQ 


Enable Interlaced Mode 
Interlaced H/2 End 





aE 
on PS/2 Display 


Bit 7 

Enable IRQ. 

This bit may be set to enable CRT interrupts to be 
generated when configured for AT BUS operation, 
allowing EGA compatibility support for interrupt- 
driven EGA applications. For VGA operation with 
an AT BUS, interrupts are not used, and this bit 
should be set to "0". This bit should not be set to 
"1" in Micro Channel operation. 


Bit 6 

Vertical Double Scan. 

This bit should be set to "1" when emulating EGA on 
PS/2 display. Setting this bit to "1" causes the 
CRTC’s Vertical Displayed Line Counter and Row 
Scan Counter to be clocked by divide-by-two 
horizontal timing, if vertical sync polarity (8C2H Bit 7 
= 0) is programmed to be positive. Therefore, the 
relationship between the actual number of lines dis- 
played [N] and the data [n] programmed into the 
Vertical Display Enable End register is: N = 2(n+1). 


Likewise, the relationship between the actual 
number of scan lines per character row [N] and 
the data [n] programmed in the maximum Scan 
Line register holds true. 


Bit 5 

Interlaced Mode. 

Setting this bit to "1" selects interlaced mode. The 
interlaced mode can be used in those video modes 
in which the data programmed into the Maximum 
Scan Line Address register [375.09H] = OXX00000. 
Line compare and double scan are not supported. 


Bits (4:0) 

Interlaced H/2 End Bits (4:0). 

Add the contents of the Interlaced H/2 Start 
Register PR(13) to the horizontal sync width 
(same as defined by 3X5.04,05). Program 5 LSB 
of the sum into these bit locations. 
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7.7.13 PR15 Miscellaneous Control 1, 
Read/Write Port = 325H, Index = 2EH 


re | Hnvoik 










Enable Page Mode 
Select Display Enable 
Po. Disable Border 


Bit 7 

Enable Reading Port 46E8H. 

This bit is functional only if AT Bus architecture 
[CNF(2)=1] is selected. Setting this bit to "1" 
enables I/O Port 46E8H to be read, regardless ofthe 
State of its own Bits 3 and 4 and of Port 102H, Bit 0 
(sleep bit). Only Bits (4:0) of Port 46E8H are 
readable; Bits (7:5) are"0". 


Bit 6 

High VCLK. 

Setting this bit to "1" adjusts the memory timing to 
allow use of a video clock (VCLK) frequency whichis 
much higher than the memory clock (MCLKk) fre- 
quency. This bit should be set to "1" if (MCLK in MHz 
/VCLK in MHz) itis equalto 1.5. This bit should also 
be setto"1" in allextended 256-color modes. 


Bit 5 

Latched VCLK1 and VCLk2. 

This bit is used only if CNF(3) = 1 which configures 
the VCLK1 and VCLK2 pins as outputs. Setting this 
bitto"1" causes outputs VCLK1 and VCLK2 to equal 
Bits 2 and 3 of I/O write register (Miscellaneous Out- 
put Register) at 3C2H, respectively. 


Bit 4 

select MCLK as Video Clock. 

Setting this bit to "1" causes the MCLK input to be 
selected for the source of all video timing. The other 
three VCLK inputs can not be selected when this bit 
is set. 





Bit 3 

Interlaced Compatibility. 

This bit should be used only if interlaced mode is 
selected (see PR14). This bit should be set to "1" if 
exact timing emulation of the IBM 8514/A’s inter- 
laced video timing is required. Setting this bit to "1" 
causes vertical sync to be generated from the trail- 
ing edge of non-skewed horizontal sync, instead of 
leading edge, as generated for VGA timing. Setting 
this bit to "1" also removes two VCLK delays from 
the default VGA video dot path delay chain. 


Bit 2 

Select Page Mode Addressing. 

Setting this bit to "1" forces screen refresh memory 
read cycles to use page mode addressing in alpha 
modes. Page mode addressing is automatically 
used in the graphics modes. Page mode address- 
ing requires less time than RAS-CAS addressing; 
therefore, selecting page mode addressing in- 
creases the bandwidth for the CPU to access video 
memory by 30-40%. Setthis bit to "1" if 132 charac- 
ter mode timing is selected (See description of PR2). 
Setting this bit to "1" in any alpha mode overrides the 
character map select functions of PR2(2) and 
PR2(5). When this bit is set to "1", it redefines the 
Character Map Select Register (8C5.03H). One of 
eight 8K memory segments containing a pair of 
maps in Plane 2 or Plane 3 is addressed by Bits (2:0) 
of this register while the map selection is determined 
by the Bits (4:3). A pair of adjacent 8K character 
maps in Planes 2 and 3, (adjacent in the sense that 
they have the same addressing) may be selected by 
Bit 3 of the attribute code. 


The character attribute, Bit 3, in conjunction with Bits 
3 and 4 of the Character Map Select Register 
(3C5.03H), determine a character map from either 
Plane 2 or Plane 3 as shown by the table below. 


3C5.03 | 3C5.03 | ATT PLANE 
BIT4 BIT 3 BIT3 SELECT 
[Oh ed xX 2 
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NOTE: 
The above Character Map Select functions over- 
ride the functions of PR2(5) and PR2(2). 


This bit must be set to "1" before loading the char- 
acter maps into the video DRAM, because the 
addressing of the page mode character maps dif- 
fers from the addressing of the default, non-page 
mode. However, setting this bit to "1" internally 
redirects all necessary addressing to make load- 
ing the character maps the same, whether in page 
mode or non-page mode. 


Bit 1 

Display Enable Timing Select. 

This bit is used to select between two types of dis- 
play enable timings available at output pin BLANK if 
PR4(7)=1. If PR4(7) =0, this bit has no effect. 


0 = BLANK supplies Pre-Display Enable. Pre- 
Display Enable timing precedes active video 
by one dot clock. 


1 = BLANK supplies Display Enable. The display 
enable timing coincides with active video 
timing. 


Bit 0 

Disable Border. 

Setting this bit to "1" forces the video outputs to 
"0" during the interval when border (overscan) 
color would be active. 


7.7.14 PR16 Miscellaneous Control 2, 
Read/Write Port = 3?75H, Index = 2FH 


6 __| CRTC Address Count Width Bit1 










(0 | Lock RAMDAC Write Strobe 





Bit 7 

Lock External 46E8H Register. 

Setting this bit to "1" causes EBROM output to be 
forced high (Inactive) during I/O writes to port 
46E8H. 





Bits (6:5) 

CRTC Address Counter Width. 

Power-on-reset clears these bits to "0". These 
two bits determine the modulus of the CRT con- 
troller’s address counter, allowing its count width 
to be limited to 64K or 128K locations (Byte, 
Word, Double word). These bits may be used in 
virtual VGA applications containing 512 KB or 
1024 KB of video memory in which CRT controller 
is limited to only 64K or 128K locations. Bit 
PR16(6) should be set "1" to ensure VGA and 
EGA compatible operation of the address counter, 
limited to 64K locations. The following table 


shows details: 





Bits (4:3) 

CRTC Address Counter Offset. 

Bits 4 and 3 are summed with the CRT Control- 
ler's Address Counter Bits CA(17) and CA(16), 
respectively, and the two-bit result defines the 
Starting location of the displayed video buffer at 
one of the four 64K boundaries. 


Bit 2 

Enable Page Bit for Odd/Even. 

This bit affects addressing of memory by the sys- 
tem processor, if chain 2 (Odd/Even) has been 
selected by setting 3CF.06H(1) to "1", setting 
3C5.04H(1) to "1", selecting extended memory, 
and setting 3C5.04H(3) to "0" to deselect chain 4 
addressing. It enables the "Page Bit for 
Odd/Even" [3C2H(5)] to select between two 
pages of memory, by controlling video RAM ad- 
dress "0", regardless of the Memory Size Bits 
PR1(7:6). 
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Bit 1 

VGA Memory Mapping. 

Setting this bit to "1", selects 256 Kbyte IBM VGA 
Mapping, regardless of the Memory Size Bits 
PR1(7:6). 


Bit 0 

Lock RAMDAC Write Strobe (3C6H - 3C9H). 

0 = Normal operation. 

1 = Output WPLT to be forced to "1", disabling 
I/O writes to the video DAC registers. The 
DAC state register, located inside the 
WD90C30, is also protected from the 
modification, but may still be read at the Port 
3C7H. 





7.7.15 PR17 Miscellaneous Control 3, 
Read/Write Port = 325H, Index = 30H 


FUNCTION 





Reserved 


: 


Bits (7:6) 
Reserved. 


Bit 5: 

Character Clock Period Select. 

When PR2 (8CF.OCH), Bits 4:3 = "11", then set- 
ting this bit to "0" selects the six-dot font. Setting 
this bit to "1" selects the ten-dot font. Otherwise, 
this bit has no effect. 
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Bit 4 

PCLK = YOK a. 

Setting this bit to "1" forces PCLK = Y““/2. This 
control is useful for interface with high color RAM- 
DAC as follows: 


16 bits of color information per pixel 


site ee 





Bit 3 

Map Out 4K of BIOS ROM. 

Setting this bit to "1" disables access of the BIOS 
ROM in the system address range C600:0H 
through C6FF:FH. Power on reset sets this bit to 
"Oo. 


Bit 2 

Enable 64K BIOS ROM. 

Setting this bit to "1" enables access of the BIOS 
ROM in the system address range C000:0H 
through CFFF:FH. Power on reset sets this bit to 
"Oo". 


Bit 1 

Hercules Compatibility. 

Setting this bit to a "1" locks Hercules com- 
patibility register (I/O Port 3BFH). Power on reset 
sets this bit to "0". 


Bit 0 

Map Out 2K of BIOS ROM. 

Setting this bit to "1" disables access of the BIOS 
ROM in the system address range C600:0H 
through C67F:FH. Power-on-reset sets this bit to 
"oO". 
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7.7.16 PR18 CRTC Vertical Timing Overflow, 
Read/Write Port = 325H, Index = 3EH 


These bits combined with other vertical timing 
overflow bits in CRTC constitutes an 11-bit verti- 
cal timing control. These bits are set to zero at 
power-on-reset. 


"4 | Line compare B10 
“1 | Vertical asplay enable end Bi 10 


Vertical total Bit 10 













++ The bit is locked if PR3(0) = 1 OR the 3?5H 
Index 11H Bit 7 = 1 

** The bit is locked if PR3(1) = 0 AND the 3?5H 
Index 11H Bit 7 = 1 







7.7.17 PR19 Video Signature Analyzer Control 
Read/Write Port = 325H, Index = 3FH 


BIT 


FUNCTION 


Reserved 





Bits (7:4) 
Reserved 


Bit 3 

Signature Read Enable. 

Set this bit to "1" in order to read signature 
analyzer results from 375H, Index 20H and 21H. 


Bit 2 

Enable Video Input. 

This bit is used for self-test. Set this bit to "1" for 
self-testing. The video input to the signature 
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analyzer is disabled. Set this bit to "O" to enable 
video input for signature analyzer. 


Bit 1 

Preload Control. 

Setting this bit to "0" will preload the Signature 
Analyzer Result Register (375H, Index 20H and 
21H) with 0001H. Set this bit to "1" for normal 
operation. 


Bit 0 

Enable/Status Bits. 

Setting this bit to "1" will enable the signature 
analyzer to collect signature on video input. This 
bit indicates the status when read back. 

0 = Finished ( or not enabled) 

1 = Busy 


7.7.18 PR1A Shadow Register Control, 
Read/Write Port = 3?5H, Index = 3DH 


Bits (7:4) 
Reserved. 


Bits 3 


I/O Read Select. 
0 = Select actual CRTC registers for read 
1 = Select shadow CRTC registers for read 


Bits (2:0) 

Shadow Lock. 

Setting Bits (2:0) = "101" will lock all the 
shadowed register bits. This lock overrides any 
locks. Please refer to the shadow register descrip- 
tion for details. 


7.7.19 PR20 Uniock Sequencer Extended 
Registers, Read/Write Port 3C5H, 
Index = 6H, (Reset State = Locked) 


A value of X1X01XXX (48H) must be loaded to 
allow R/W of the Sequencer Extended Registers. 
When the extended registers are locked, then the 
Sequencer index will be readable as three bits 
only. When unlocked, the Sequencer Index reads 
as Six bits. 
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7.7.20 PR21 Display Configuration Status and 
Scratch Pad Bits Register, Bits 7:4 
Read/Write Bits 3:0 Read Only, 

Port 3C5H, Index = 7H 


This register provides a convenient location for deter- 
mining the current VGA configuration state. This in- 
formation is needed for many of the BIOS calls. 


FUNCTION 


Scratch Pad Bits 
Status of 3C2H Bit 0 


Status of PR2 Bit 6 





Status of PR4 Bit 1 
Status of PR5 Bit 3 


oe 


Bits (7:4) 
Scratch Pad Bits. 


Read/write scratch pad for any BIOS status data 
that may need to be saved. Reset state is "1111". 


Bit 3 

Status of 3C2H Bit 0. 

Reflects the setting of the I/O address select bit in 
the Miscellaneous Output Register. A "1" indi- 
cates CGA (3Dx) addresses have been selected 
by this read-only bit, while a "0" indicates MDA 
(3Bx) addresses have been selected. 


Bit 2 

Status of PR2 Bit 6. 

Reflects the setting of the VGA/6845 select bit in 
PR2 (8CFH Index CH). A'"1" indicates 6845 com- 
patibility has been selected by this read-only bit, 
while a "0" indicates VGA or EGA compatibility 
has been selected. 


Bit 1 

Status of PR4 Bit 1. 

Reflects the setting of the VGA/EGA select bit in 
PR4 (3CFH Index EH). A"1" indicates EGA com- 
patibility has been selected by this read-only bit, 
while a "0" indicates VGA was selected. 


Bit O 
Status of PR5 Bit 3. 


Reflects the setting of the Analog/TTL status bit in 
PR5 (3CFH Index FH). A"0" indicates an analog 
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monitor was selected by this read-only bit, while a 
"{" indicates a TTL-type monitor was selected. 


7.7.21 PR22 Scratch Pad Register, Read/Write 
Port = 3C5H, Index = 8H 


Bits (7:0) 
Scratch pad bits. 


7.7.22 PR23 Scratch Pad Register, Read/Write 
Port = 3C5H, Index = 9H 


Bits (7:0) 
Scratch pad bits. 


7.7.23 PR30 Memory Interface, Write Buffer 
and FIFO Control Register, Read/Write 
Port = 3C4H, Index 10H 


This register controls display memory data width 
and its bandwidth. All of the bits are reset to zero 
at power-on-reset. 


FUNCTION 
Write Buffer Control 
32-bit or 16-bit Memory Data Path 


b 
chain Mode 
















Two-level FIFO 
Four or Eight-level FIFO 
Display FIFO control 


Bits (7:6) 

Write Buffer Control. 

Bits (7:6) determine the depth of the write buffer. 
PR31 Bit 2 must be set to "1" for these two bits to 
have any effect. 


00 __| Write butferis one leveldeep 
Write buffer is four levels deep 
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Bit 5 

Memory Data Path. 

When set to "1", the display memory data path 
becomes 16-bits wide. Otherwise, the data path 
is 32-bits wide. 


Bit 4 

0 = Normal conditions 

1 = 16-bit interface, unchained mode is disabled. 
This is for debug only. 


Bit 3 

Two-level FIFO. 

0 = The FIFO is four or eight levels deep, depend- 
ing on Bit 2 of this register. 

1 = The FIFO is two levels deep, regardless of Bit 
2. 


Bit 2 

Four or Eight-Level FIFO. 

0 = FIFO set to eight levels deep. 
1 = FIFO set to four levels deep. 


Bits (1:0) 

Display FIFO Control 

These two bits can be used to adjust the display 
memory bandwidth. In general it is recommended 
that these two bits be set to "01" to accommodate 
most applications. These bits have no effect in 
any text mode. They are locked into "00" internal- 
ly when a text mode is set. 


BIT FUNCTION 


FIFO requests for one level 
memory cycle when empty 
FIFO is: 


FIFO requests for 
memory cycle when 
FIFO is: 


two levels 
empty 


three levels 
empty 


FIFO requests for 
memory cycle when 
FIFO is: 


four levels 
empty 


FIFO requests for 
memory cycle when 
FIFO is: 
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7.7.24 PR31 System Interface Control, 
Read/Write Port = 3C5H, Index = 11H, 
Reset State = 00 


This register provides the control bits for the system 
interface. This register should be set during the post 
initialization routines of the VGA BIOS. The reset 
state is 100% IBM VGA compatible. Bit 7 will be 
used during some of the enhanced display modes. 


6 | Turbo Mode for Blanked Lines 















CPU Read RDY Release Control 0 
Enable Write Buffer 
Enable 16-bit I/O Attribute Controller 


Enable 16-bit /O Operation on CRTC, 
Sequencer and Graphics Controller 





Bit 7 

Read/Write Offset Enable. 

0 = Normal (Refer to PROA and PROB definitions). 

1 = The offset register PRO-A will be added to 
CPU address for read cycles, while PRO-B 
will be added for write cycles. 


Bit 6 

Turbo Mode for Blanked Lines. 

1 = System performance is improved by 10% by 
removing extra screen refresh memory cycles 
on vertical blank. 

0 = Normal. 


Bit 5 

Turbo Mode for Text. 

1 = For improved text mode performance. 
0 = Normal. 


Bits (4:3) 

CPU Read IOCHRDY Release Controls 1,0. 
These two bits select the IOCHRDY timing for 
CPU reads. To improve performance of systems 
with a slower bus clock, IOCHRDY may be as- 
serted earlier. Data will be ready following 
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IOCHRDY no sooner than the time selected by 
bits (4:3). 


FUNCTION 


40 ns. (Power-on-reset condition). 


ar 
01 | 40ns.plustMCLK 
EE 
ics 









40 ns. elle 2 MCLKs. 
40 ns. minus 1 MCLK. 


For 10 MHz or slower systems, the "01" setting is 
recommended. For 12 MHz or faster systems, 
the "11" setting is recommended. 





Bit 2 

Enable Write Buffer. 

1 = Write buffer is enabled. This will greatly 
reduce the number of wait states for CPU 
writes to display memory. 

0 = Write buffer disabled. 


Bit 1 

Enable 16-bit I/O Attribute Controller. 

lf Bit 1 and Bit O are both set to "1", then the Attribute 
Controller (8COH/3C1H) is configured for 16-bit ac- 
cess. The index is at 3COH, while the data is at 
3C1H, and the address toggle is disabled for 16-bit 
reads or writes. The address toggle functions in the 
standard way for eight-bit cycles. IOCS16 is as- 
serted for all cycles to 3COH or 3C1H. 





Bit 0 

Enable 16-bit I/O Operations. 

1 = Enables 16-bit access to the CRTC 
(374H/3?75H), Sequencer (3C4H/3C5H), and 
Graphics Controller (@CEH/3CFH). The out- 
put 1|OCS16 will be active for any I/O read or 
write to these addresses. 

0 = The VGA //O is eight-bits. 





7.7.25 PR32 Miscellaneous Control 4, 
Read/Write Port = 3C5H, Index = 12H, 
Reset State = 00 


This register provides control for several different 
features. Some of these features help to support 
Genlock of the WD90C30 to another display con- 
troller for overlay. 


er [FUNCTION 
7 Enable Extemal Syne Mode 
6 | Disable Cursor Blink 
















USRO Function Select 
USRO Control 


1 Allow Read Back in Backward 
compatible Modes 
Force Standard CPU Addressing in 
132-column Mode 


Bit 7 

Enable External Sync Mode. 

0 = Normal operation mode. 

1 = EXVID is configured to input external Horizon- 
tal Sync, and EXPCLK inputs external Verti- 
cal Sync. The external HSYNC signal also 
synchronizes the character clock timing. In 
this configuration, EXVID and EXPCLK do 
not control the VID(7:0) and PCLK output buf- 
fers, but they are used to genlock the 
WD90C30 to another display controller. 












Bit 6 

Disable Cursor Blink. 

0 = Blink enabled 

1 = The text cursor blink will be disabled, and the 
cursor will remain on. This option can be 
used if cursor blink is not desired. 
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Bit 5 

USR1 Function Select. 

0 = Causes the USR1 output to reflect the state 
of Bit 4, which can be used to control new fea- 
tures that the system board designer may 
wish to add. 

1 = The USR1 output is slected by PR35 Bits 5, 

4, and 3. See PR35 description. 


Bit 4 
USR1 Control. 
Controls the USR1 output when selected by Bit 5. 


Bit 3 

USRO Function Select. 

0 = Causes the USRO output to reflect the state 
of Bit 2, which can be used to control new fea- 
tures that the system board designer may 
wish to add. 

1 = The USRO output is selected by PR35 Bits 2, 
1, and 0. See PR35 description. 


Bit 2 
USRO Control. 
Controls the USRO output when selected by Bit 3. 


Bit 1 

Read Backward in Compatible Modes. 

When set to "1", this bit allows reading of those 
registers that are not readable in backward com- 
patibility modes. This option may be used either 
as a test feature or by the BIOS during mode 
changes. 


Bit 0 

132-Column Mode. 

When set to "1", the special CPU address map- 
ping for page mode font access in 132-column 
text is set for standard mapping without disturbing 
the display. This will be used only for special vir- 
tual VGA applications. 
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7.7.26 PR33 DRAM Timing and Zero Wait 
State Control Register, Read/Write 
Port = 3C5H, Index = 13H 


Bits (7:6) 

These two bits control the operation of the OWS 
output pin. OWS is disabled if PR31 Bit 2 = 0 
(Write Buffer is off). 


OWS = 0 if the internal 
write is buffer-ready. 
oe 


OWS = 0 if the internal 
write buffer is ready AND 
Bit 5 
Reserved 














the memory address is 
decoded. 


OWS = 0 if the internal 
write buffer is ready AND 
memory address is 

decoded AND MWR = 0. 


OWS = 0 if the condition 
"10" is true OR I/O write to 
the WD90C30 is Occurring. 




















Bits (4:3) 
These two bits control the CAS timing. 









CAS cycle is 2 Mclocks. 
CAS low is 1 Mclock + (4- 
7) ns. 

CAS high is 1 Mclock - (4- 
7) ns. 


CAS cycle is 2 Mclocks. 
CAS low is 1 Mclock + (8- 
14) ns. 

CAS high is 1 Mclock - (8- 
14) ns. 
CAS cycle is 2 Mclocks. 


CAS low is 1.5 Mclocks. 
CAS high is 0.5 Mclocks. 
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FUNCTION 


CAS cycle starts 2.5 
Mclocks after RAS low. 


CAS cycle starts 1.5 


Mclocks after RAS low. 





Bits (1:0) 
These two bits control RAS precharge. Refer to 
DRAM timing adjustments in Section 6.0. 


VALUE FUNCTION 
RAS high is 2-1/2 Mclocks 
plus a 4-7 ns. delay. 
1-0 0 RAS high is 3 Mclocks 
wide. 
RAS high is 2 Mclocks 
wide. 


| 11 | RAS high is 2-1/2 Mclocks. 










7.7.27 PR34 Video Memory Mapping Register, 


Read/Write Port = 3C5H, Index = 14H 


FUNCTION 


These four bits are compared with 
the CPU address A_[23:20] as 
part of the video memory address 
decoding. This allows the VGA to 
be mapped into any 1 Mbyte CPU 
memory space. This register will 
not affect the EBROM and 





ROM16 decoding. EBROM and 
ROM16 will still decode at 
A_[23:20] = OH. Used with the cor- 
rect setting of PR1, Bits 5 and 4, 
this register supports virtual VGA 
applications. These four bits are 
set to "0" at power-on reset. 


7.7.28 PR35 Reserved, Read/Write 
Port = 3C5H, Index = 15H 


Bits (7:0) 
Reserved. 
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7.8 INTERNAL I/O PORTS 


7.8.1 AT Mode Setup, Enable, Write Only 
Port 46E8H (Also at Port 56E8H, 
66E8H, 76E8H) 







FUNCTION 
Unused 
Setup 
Enable I/O and Memory 
External BIOS ROM Page Select 





Bits (7:5) 
Unused. 


Bit 4 

Setup. 

Puts WD90C30 into setup mode where only I/O 
Port 102H is accessible. 


Bit 3 
Enable I/O and Memory Accesses. 


Bits (2:0) 

BIOS ROM Page Select. 

On I/O accesses to 46E8H, EBROM becomes |/O 
write strobe for external implementation of BIOS 
ROM page mapping. Bits(2:0) are latched data 
bits to define 4K pages on BIOS ROM. The exter- 
nal mapping logic affects the three most sig- 
nificant bits of address applied to the BIOS ROM. 
The ROM can, therefore, be thought of as consist- 
ing of eight, 4K pages. External circuitry is re- 
quired to implement the BIOS ROM page selec- 
tion using bits D2:D0. The WD90C30 also 
provides an alternative Port 3C3H instead of Port 
46E8H. If a pull-down resistor is connected to 
MD9 during power on reset (CNF9 = 0), then Port 
3C3H will be decoded instead of Port 46E8H to 
support the same functions described above. 
Otherwise, Port 46E8H is selected and decoded. 


7.8.2 Setup Mode Video Enable (AT and 
Micro Channel Modes) Read/Write 
Port = 102H (XXXX XXXX XXXX X010B) 


BIT FUNCTION 
rie | Wakeup VGA 


Bits (7:1) 
Unused. 







Bit 0 

Wakeup VGA for I/O and Memory Accesses. 
Only lower three address bits are decoded for this 
port and WD90C30 must be in Setup mode. VGA 
Enable Sleep bit or Programmable Option Select 
(POS) Register 102H Bit 0 is used to awaken the 
WD90C30 after power on in the MCA and AT 
mode. To enter the set up mode in AT bus ap- 
plications, Bit 4 of the partially decoded internal 
I/O Port 46E8H is set to "1" before accessing the 
/O Port 102H. In MCA mode, when the 
VGASETUP (EIO) signal pin is active low, the 
WD90C30 is in setup mode and Port 102H can be 
accessed. 


7.9 VIDEO RAMDAC PORTS 


The Video RAMDAC is implemented externally to 
the WD90C30. However, the WPLT and RPLT 
signals required by the RAMDAC are provided by 
the WD90C30. Setting PR(16) Bit 0 to a "1" for- 
ces WPLT to a high level disabling |/O writes to 
the RAMDAC. Normally, the WPLT and RPLT 
signals to the RAMDAC are generated when the 
following I/O ports are written to or read from. 
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DAC 
ADDRESS 





*DAC State (Read Only) 







*8C7H 





* This port is internal to the WD90C30. 





DAC OPERATION 


3C8H PEL Address Port (Write) Read/Write Port 
3C7H PEL Address Port (Read) Read Only Port 












DETAILS 


* If Bits 0/1 = 1, DAC in read operation. 
When Bits 0/1 = 0, DAC in write opera- 
tion. Bits 2-7 are reserved. 





3C6H PEL Mask (Read/Write) Not to be written by application code. 
To do so changes the color look-up table. 


3C9H PEL Data Register (Read/Write) Three successive read/write bytes. 





TABLE 16. VIDEO RAMDAC PORTS 


7.10 WD90C30 CONFIGURATION REGISTER 
BITS CNF(18:0) 


Memory Data Lines (18:0) are used to input con- 
figuration data at power-on reset (RST) by pull-up or 
pull-down resistors. This configuration data then 
sets the bits in internal registers. Some of these bits 
can then be changed by software, while some are in 
non-writable registers. The non-writable bits set fea- 
tures such as bus type which are not changed after 
power-on. All MD(18:0) are internally pulled up by 50 
ohm resistors. The following table lists the non- 
writable configuration bits. 





FUNCTION 
Enable ROM16 as EXBLANK input 







64K by 16 or 256K by 4 DRAM select 


15-12} EGA Switches 


11 A23 - A20 Connection Select 


ie 
9 | 46E8H/3C3H Select 
a 


Display Status 


General Purpose Status 


7 
Video Clock Source Control 
2 


Pe AT/MCA Bus Select 


CNF(18) 


A 4.7K pull-down resistor on Pin MD18 sets 

CNF(18) = 0. Otherwise the internal pull-up will 

set CNF(18) = 1. 

0 = ROM16 configured as EXBLANK input. 

1 = Normal ROM16 operation. ROM‘16 is an out- 
put. 











CNF(16) 


A 4.7K pull-down resistor on pin MD16 sets 
CNF(16) = 0. Otherwise, the internal pull-up will 
set CNF(16) = 1. 


0 = WD90C30 is interfacing with a 64K by 16 
DRAM. 

1 = WD90C30 is interfacing with a 256K by 4 or 
256K by 16 DRAM. 


CNF(15:12) 


EGA configuration switches SW4-SW1. 
Pulling up MD(15:12) causes PR11(7:4) to be 
latched high. Pulling down MD(15:12) causes 


these bits to be latched LOW. PR11(7:4) are 
writable bits. These bits can be read as Bit 4 of 
Port 3C2H (as on a standard EGA) if the EGA 
compatibility bit [PR4(1)] has been set to "1". 
Selection of which bit to read is determined by 
Bits 3 and 2 of the Miscellaneous Output Register 
3C2H, as follows. 










ware [READ 
ro fo _| PRIN) (= EGASWay 
ro) 1 | PRN) (= EGA Sway 
rr fo | Prin) [= E@a sw] 
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CNF(11) 


CNF(11) is set to "1" by the internal pull-up. Pins 
A(23:17) should be connected to AT bus signals 
LA(23:17). LA(23:17) are internally latched by 
ALE signal. 


CNF(10) 


A 4.7K pull-down on Pin MD10 sets CNF(10) = 
PR1(1) = 1. Upon power-up, the pin ROM16 is 
enabled for 16-bit BIOS ROM decoding. Other- 
wise, the internal pull-up sets CNF(10) = PR1(1) = 
0. To enable the 16-bit BIOS, PR1(1) must be set 
to "1" by writing to Port 3CFH (Index OBH) bit 1 
and at the same time the CNF(1) must be "1". 
This bit is read/write at PR1(1). 





CNF(9) 

A 4.7K pull-down on Pin MD9 sets CNF(Q) = 0. 
Then Port 03C3H is selected as the VGA setup 
and enable register instead of Port 46E8H in the 
AT interface. Otherwise, the internal pull-up sets 
CNF(9) = 1. Port 46E8H is selected as VGA 
setup and enable register. This bit has no effect 
in Micro Channel applications. 


CNF(8) 

Analog/TTL Display Status Bit. 

Bit CNF(8) is latched internally at power-on-reset 
from memory data bus Pin MD11, provided with 
either a pull-up or pull-down external resistor. Pull- 
ing up MD11 causes CNF(8) to be latched Low. 
This bit controls no internal functions and is read 
only as Bit 3 of PR5 (83CF.O0FH). Also, CNF(8) is 
unaffected by writing to PR5 (8CF.OFH). Sug- 
gested implementation is: 


0 = Analog (VGA - compatible) display is attached 
1 = TTL (EGA-compatible) display is attached. 


CNF(7:4) 

General Purpose Status Bits. 

Bits CNF(7:4) are latched internally at power-on- 
reset from corresponding memory data bus pins 
MD(7:4), provided with either pull-up or pull-down 
external resistors. These are read only bits at PR5 
(3CF.O0FH) positions (7:4). These bits are unaf- 
fected by writing to PR5(8CF.OFH). Pulling down 
MD(7:4) causes CNF(7:4) to be latched high. 
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CNF(3) 

Video Clock Source Control. 

This bit cannot be written or read as I/O port. 
Pulling up MD3 causes CNF(3) to be latched 
high. It configures WD90C30 pins VCLK1 and 
VCLKkK2 as inputs or outputs. 


0 = For inputs. 
1 = For outputs. 


When used as inputs, these pins supply alternate 
video dot clocks. Selection of dot clock is by an 
internal multiplexer. When used as outputs, 
VCLK1 supplies an active low load pulse for an 
external clock chip, during I/O writes to Port 
3C2H. This load pulse may be inhibited by setting 
PR11(2) = 1. VCLK2 becomes a third clock select 
input to the external clock chip, which supplies 
multiple dot clock frequencies to the VCLKO input. 
Also, VCLK1 and VCLK2 outputs are equal to Bits 
2 and 3 of the Miscellaneous Output Register at 
3C2H when PR15 Bit 5 is set to "1". 


CNF(2) 
Bus Architecture Select. 


This bit cannot be written or read as |/O. Pulling 
down MD2 causes CNF(2) to be latched low. 


0 = Micro Channel architecture 
1 = AT Bus architecture 


Selecting CNF(2) changes pinout definition be- 
tween AT Bus and Micro Channel Bus. (See Signal 
Description.) 


/O Micro /O 
Channel 


MEMCS16 CDDS16 
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CNF(1) 

ROM Configuration. 

When set to "0", the WD90C30’s data bus buffer 
controls are configured for one ROM (eight bits). 
An internal pull-up on MD1 sets this bit to "0" at 
power-on-reset. 


0 = PR1(1) can not be set high. This bit can not 
be written or read. 


1 = The WD90C30’s data bus buffer controls are 
configured for 16-bits (as with two ROMs). 
Setting CNF(1) to 1 enables the HTL output 
pin. With an 8-bit system interface, address 
bit A(0) = 0, selects the even ROM and A(0) = 
1 selects the odd ROM. With a 16-bit system 
interface, CNF(1) and PR1(1) must be set to 
one to enable ROM16. | 
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CNF(0) 

BIOS ROM Mapping. 

If set to "1", the BIOS ROM is mapped out. An 
internal pullup resistor on MDO sets this bit to:0 at 
power-on reset. An external 4.7 Kohm pull-down 
resistor may be used to set this bit to "1" on 
power-on-reset. 


This bit is read/write at PR1(0). 
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A.0 APPENDIX A - EGA MODE 
A.1. EGA MODE ENTRY 


For the register definitions that have not changed 
from the VGA modes, refer to the VGA descrip- 
tion. Only the differences between the VGA and 
EGA registers are briefly described in this section. 
Also, refer to the prior section for VGA mode 
details. "Not Used" bits should be set to "0" unless 
otherwise noted. 


A general procedure to enter EGA mode of opera- 
tion is described. The actual software implemen- 
tation details are not covered in this procedure. 
These steps are briefly defined to outline the EGA 
mode entry. 


¢ Load Configuration register Bit 8. Select 
logic "O" for a VGA-compatible PS/2 display 
or logic "1" for an EGA-compatible TTL 
monitor by using the appropriate pull-up or 
pull-down resistor on MD11. (A pull-up 
resistor on MD11 causes CNF(8) to be 
latched with logic "O" for analog PS/2 
compatible displays.) This status information 
signifies the type of monitor attached to the 
system and is available to the BIOS or 
application. 

¢ Unlock all the PR registers. 

¢ Program PR2(6) to "0" for EGA mode. 

* Set PR4 Bit 1 to logic "1" for 
compatibility. 

* Load PR11(7:4) with EGA Configuration 
switches by using pull-up or pull-down 
resistors on Pins MD(15:12). (A pull-up 
resistor causes logic "1" to be latched after 
power-on-reset.) 

¢ The EGA switch setting may then be read 
from PR11(7:4) at I/O Port 3C2H Bit 4. 

¢ If EGA mode is to be emulated on an IBM 
PS/2 analog display, follow the suggested 
steps listed below: 

Initialize all the registers. 

Lock CRT controller registers. 

Force clock control rate of the CRT 

controller. 

— Set EGA emulation mode by 
programming: 


EGA 


PR11(3)=1; Set EGA emulation on PS/2 
type display 
PR14(6)=1; Vertical double scan 
PR11(2)=1; Lock clock select 
PR11(0)=1; Lock 8/9 dot timing. 
PR14(7)=1; Enable IRQ (optional). 

— Lock the PR registers PRO through PR5 
and PR10 through PR17. 

— Read protect PR registers. 

¢ When EGA is required on a TTL monitor, the 

suggested steps are: 

— Initialize all the registers. 

— Set EGA TTL mode by programming: 
PR11(3)=0; EGA TTL 
PR14(7)=1; Enable IRQ 
PR15(6)=1; Set Low Clock 
PR14(7)=1; Enable IRQ 

— Lock PR registers PRO through PR5 and 
PR10 through PR17. 

— Read protect PR registers. 


For more details on the PR registers, refer to the 
PR registers section. The EGA register summary 
shown on the next page highlight all the EGA 
mode registers. 


A.2. GENERAL REGISTERS 


Only the general registers and the bit definitions 
that differ between the VGA and EGA are ad- 
dressed. Their EGA mode bit definitions are 
provided. 


A.2.1 Miscellaneous Output Register, 
Write Port = 3C2H 


Bits (7:5) 
EGA: Same as Miscellaneous Output Register 
Bits (7:5) definition in the VGA section. 


Bit 4 
Not used. 





rs, 7 2/11/92 


16-87 


WD90C30 


General Registers: 
Miscellaneous Output Register 
Input Status Register 0 

Input Status Register 1 


Feature 


Control Register 


Sequencer Registers: 
Sequencer Index Register 
Sequencer Data Register 


CRT Controller Registers: 
Index Register 


CRT Controller Data Register, except the following: 
Start Address High (Index=0CH) 

Start Address Low (Index=0DH) 

Cursor Location High (Index=0EH) 

Cursor Location Low (Index=0FH) 

Light Pen High, (Index=10H) 

Light Pen Low, (Index=11H) 

Graphics Controller Registers: 


Index Register 
Other Graphics Register 


Attribute Controller Registers: 
Index Register 
Attribute Controller Data Register 


NOTES: 


1. RO = 


3. ae eal 


Read Only, WO = Write Only, and RW = Read/Write. 
2. All Register addresses are in hex. 


= "B" in Monochrome modes or "D" in Color modes. 


TABLE 17. EGA REGISTERS SUMMARY 


RO 
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3C2 
3C2 
37A 
3?A 





. «| VOPORT PORT 
HEX 
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Bits (3:2) 
EGA: 


BIT3 | BIT2 | DESCRIPTION 


Te | 14.318 MHz clock (VCLKO) 
wi 


is selected. 
16.257 MHz clock (VCLK1) 
ae 


is selected if Configuration 
Bit (0) 


Register Bit 3 is "0". 
External User Defined Clock 

EGA: Identical to Miscellaneous Output Register 

Bit 0 definition in the VGA section. 



















(VCLK2) from the feature con- 
nector is selected if Configura- 
tion Register Bit 3 is "0". 
Not Used. VCLK2 selected if 
Configuration Register Bit 3 
is "Oo". 



















A.2.2 Input Status Register 0, 
Read Port = 3C2H 


Bit 7 
EGA: Same as input Status Register 0, Bit 7 
definition in the VGA section. 


Bits (6:5) 
EGA: Not used. 


Bit 4 

EGA: The four configuration switches’ information 
stored in PR11 can be read at this bit if PR4(1) 
has been set to "1". 


Bits (3:0) 
EGA: Not used = 1. 


A.2.3 Input Status Register 1, 
Read Port = 3?AH 


Bit 7 
EGA: Not used. 


WD90C30 


Bit 6 
EGA: Not used = 1. 


Bits (5:3) 
EGA: Identical to Input Status Register 1 Bits (5:3) 
definition in the VGA section. 


Bit 2 
EGA: Not used = 1. 


Bit 1 
EGA: Not used. 


Bit 0 
EGA: Same as Input Status Register 1 Bit 0 
definition in the VGA section. 


A.2.4 Feature Control Register, 
Write Port = 3?AH 


Bits (7:0) 
EGA: Not used. 


A.3 SEQUENCER REGISTERS, 
PORT = 3C5H 


A.3.1 Clocking Mode Register, 
Index = 01H 


Bits (7:4) 
EGA: Not Used. 


Bits (3:2) 
EGA: Same as Clocking Mode Register Bits (3,2) 
definition in the VGA section. 


Bit 1 
EGA: Set to zero. 


Bit 0 
EGA: Identical to Clocking Mode Register Bit 0 
definition in the VGA section. 
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A.3.2 Character Map Select Register, 
Index = 03H 


Bits (7:4) 
EGA: Not used. 


Bits (3:2) 
EGA: Character Map Select A. 


ch MAP FONT 


SELECTED | TABLE/PLANE 2 
LOCATION 





Bits (1:0) 
EGA: Character Map Select B. 


LOCATION 


Second 8K 





NOTE: 
Character Map selection from Plane 2 is deter- 
mined by Bit 3 of the attribute code. 


A.3.3 Memory Mode Register, 
Index = 04H 


Bits (7:3) 
EGA: Not used. 


Bits (2:1) 
EGA: Identical to Memory Mode Register Bits 
(2:1) definition in the VGA section. 
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Bit 0 

EGA: Alpha Mode Bit. 

A logic "1" shows that Alpha mode is active and 
character map selection is enabled. A logic "0" dis- 
ables Alpha modes and enables non-Alpha modes. 


A.4. CRT CONTROLLER REGISTERS, 
PORT = 3?5H 


The EGA registers that are different are listed. 
For similar registers and identical bits within 
registers refer to the VGA section. Also, "?" im- 
plies that a register is mapped into either 3B5H or 
3D5H, for Monochrome or Color display modes, 
respectively. 


A.4.1_ Index Register, Port = 3?4H 


Bits (7:5) 
EGA: Not used. 


Bits (4:0) 
EGA: Five bits point to the CRT Registers Ad- 
dress Index where the data is to be written. 


A.4.2 Horizontal Total Register, 
Index = 00H 


Bits (7:0) 

EGA: Eight bits of value for the "Total Character 
Count Less 2" are loaded into this register. They 
define number of characters to be displayed per 
horizontal line. 


A.4.3 End Horizontal Blanking Register, 
Index = 03H 


Bit 7 
EGA: Not used. 


Bits (6:5) 


EGA: They define display enable skew in charac- 
ter clocks. 
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ine Ia 
7 





_ SKEW 
Le 





ae 
aaa 


Bits (4:0) 

EGA: Five bits of character count are loaded to 
determine when the horizontal blanking signal be- 
comes inactive. 


A.4.4_ End Horizontal Retrace Register, 
Index = 05H 


Bit 7 

EGA: This bit defines the start of the odd or even 
CRT counter memory address following the 
horizontal retrace time. Logic "1" = Odd Address 
and logic "0" = Even Address. 


Bits (6:0) 
EGA: Same as End Horizontal Retrace Registers 
Bits (6:0) definition in VGA section. 


A.4.5 Vertical Total Register, Index = 06H 


Bits (7:0) 
EGA: Lower eight bits of the CRT vertical frame 
time in scan lines including the vertical retrace. 


A.4.6 CRT Controller Overflow Register, 
Index = 08H 


Bits (7:5) 
EGA: Not used. 


Bits (4:0) 
Identical to CRT Controller Overflow Register Bits 
(4:0) definitions in the VGA section. 


WD90C30 


A.4.7 Maximum Scan Line Register, 
index = 09H | 





Bits (7:5) 
EGA: Not used. 


Bits (4:0) 


EGA: Same as maximum Scan Line Register Bits 
(4:0) definition in the VGA section. 


A.4.8 Cursor Start Register, Index = OAH 


Bits (7:5) 
EGA: Not used. 


Bits (4:0) 


EGA: Same as Cursor Start Register Bits (4:0) 
definition in the VGA section. 


A.4.9 Cursor End Register, Index = OBH 


Bit 7 
EGA: Not used. 


Bits (6:5) 
EGA: They define cursor signal skew in character 


clocks. 
aire | errs | SKEW 





Bits (4:0) 

EGA: These bits define Cursor End value of row 
scan address counter. The programmed value is 
equal to "N+1" where "N" is the last row of the 
Cursor to be displayed. 
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A.4.10 Vertical Retrace Start Register, 
Write, Index = 10H 


(Light Pen High register, Index = 10H - Read) 


Bits (7:0) 
EGA: Lower eight bits of the vertical retrace start 
position programmed in horizontal scan lines. 


A.4.11 Vertical Retrace End Register, 
Write, Index = 11H 


(Light Pen Low register, Index = 11H - Read) 


Bits (7:6) 
EGA: Not used. 


Bit 5 

EGA: This bit enables the IRQ output buffer con- 
trol if logic "0" is programmed. The IRQ latch 
within the CRT controller determines the logic 
state of the IRQ output signal. If programmed as 
logic "1", the IRQ buffer is switched to a high im- 
pedance state. 


Bit 4 

EGA: When programmed to logic "0", the IRQ 
latch is reset and cleared to "0" if Bit 5 = O. If it is 
logic 1", the IRQ latch gets set at the end of the 
vertical display. 


Bits (3:0) | 
EGA: Identical to Vertical Retrace End Register 
Bits (3:0) definition in the VGA section. 


A.4.12 Underline Location Register, 
Index = 14H 


Bits (7:5) 
EGA: Not used. 


Bits (4:0) 
EGA: Horizontal scan row where the underline will 


be displayed. Value programmed is one less than 
the scan line desired. 
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A.4.13 End Vertical Blanking Register, 
Index = 16H 


Bits (7:5) 
EGA: Not used. 


Bits (4:0) 
EGA: Identical to End Vertical Blanking Register 
Bits (4:0) definition in the VGA section. 


A.4.14 Mode Control Register, 
Index = 17H 


Bits (7:5) 
EGA: Same as Mode Control Register Bits (7:5) 
definition in the VGA section. 


Bit 4 
EGA: Not used. 


Bits (3:0) 


EGA: Identical to Mode Control Register Bits (3:0) . 


definition in the VGA section. 


A.5 GRAPHICS CONTROLLER REGISTERS, 


PORT = 3CFH 


A.5.1 Read Map Select Register, Index = 04H 


Bits (7:3) 
EGA: Not Used. 


Bits (2:0) 
EGA: Map selected bits (2:0) which represent en- 


coded value of the memory plane in binary as 
shown below: 


BIT | BIT | BIT MAP 
2 1 0 SELECTED 









16-92 


2/11/92 


APPENDIX A - EGA MODE 


WD90C30 





A.5.2 Mode Register, Index = 05H 


Bit (7:6) 
EGA: Not used. 


Bits (5:2) 
EGA: Identical to Mode Register Bits (5:2) defini- 
tion in the VGA section. 


Bits (1:0) 


EGA: Binary coded write bits define the write 
modes per table below: 


Write mode 0 - Refer to VGA 
section 
eh Write mode 1 - Refer to VGA 











section 


1 Write mode 2 - Refer to VGA 
section 

1 1 Write mode 3 - Not Legal. 
Selects write mode 1. 


ATTRIBUTE CONTROLLER REGISTERS, 
PORTS = 3COH/3C1H 






A.6 


A.6.1 Palette Registers, 
Index = OOH through OFH 


FUNCTION 
Dynamic color selection 


Bits (7:6) 
EGA: Not used. 










Bits (5:0) 

EGA: Dynamic color selection. Logic "0" = Color 
deselection, and Logic "1" = color selection per 
the following table: 















A.6.2 Mode Control Register, Index = 10H 


in VGA section 
Bits (7:4) 
EGA: Not used. 





Bits (3:0) 
EGA: Identical to Mode Control Register Bits (3:0) 
definition in the VGA section. 


A.6.3 Overscan Color Register, Index = 11H 


BIT FUNCTION 
Overscan color for border 


Bits (7:6) 
EGA: Not used. 







Bits (5:0) 

EGA: Overscan color for the border. For a 
monochrome display, set all the six bits to logic 
"0". The border color is defined by the color table 
for the Palette registers shown above. 
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A.6.4 Color Plane Enable Register, 
Index = 12H 


Bits (7:6) 
EGA: Same as Color Plane Enable Register Bits 
(7,6) in the VGA section. 








Bits (5:4) 

EGA: 

Determines two of six colors for the Video Status 
Multiplexer as shown below: 


COLOR PLANE | INPUT STATUS REGISTER 1 
ENABLE (Port 327A) 
BIT 5 BIT 5 BIT 4 

- 0 | 0 | viD2(Red) | VID 0 (Blue) 


0 1 | VID5(SRed)|} VID4 
(SGreen) 
1 VID 3 (SBlue}; VID 1 
(Green) 
1 1 VID 5 (SRed)} VID 4 
(SGreen) 


Bits (3:0) 
EGA: Same as Color Plane Enable Register Bits 
(3:0) definition in the VGA section. 















A.6.5 Horizontal PEL Panning Register, 
Index = 13H 


FUNCTION 


Horizontal left shift of the video data 


in number of pixels. 
Bits (7:4) 


EGA: Not Used. 








Bits (3:0) 

EGA: These four bits determine the horizontal left 
shift of the video data in number of pixels. In 
monochrome alpha numeric modes, (nine 
dots/character) image can be shifted by nine 
pixels. For all other graphics or alpha numeric 
modes, a maximum left shift of eight pixels is per- 
mitted. Refer to the left shift pixel table of the 
Horizontal PEL Panning Register Bits (3:0) 
described in the VGA section. 
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BO APPENDIX B - WD90C30 INTERFACES 


The WD90C30 applications section is divided into and technical briefs at the end of this data book 
various interfaces: processor (AT or Micro Chan- — will Supplement the information provided in this 
nel mode), video memory, RAMDAC, monitor, and section. 

clock. The description and block diagrams are 

generic. No attempt is made to present schematic 

level details. Currently available application notes 
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B.1 WD90C30 INTERFACES 
Figure 13 highlights the WD90C30 interfaces. 


WD90C30 
> CONFIGURATION INTERFACE 


MA8/RAS1 
MA[7:0] 
MDJ31:0] 
WEO 


WE1 
1. 8-BIT PC/AT WITH WE2 DRAM 1. 256K DRAM INTERFACE 
8-BIT BIOS pa INTERFACE 2. 512K DRAM INTERFACE 


WE3 
2. 16-BIT PC/AT WITH CPU ae 3 1M DRAM INTERFACE 
lee WITH cool pac 
NG INTERFACE 
16-BIT BIOS CAS 


-PC/AT VGA ROM BIOS OE 


PAGE MAPPING RAS 


MDET 
EXVID 
EXPCLK 
VID[7:0] 1. RAMDAC INTERFACE 
PCLK VIDEO 2. MONITOR DETECT INTERFACE 
BLANK | INTERFACE 3, AUXILIARY VIDEO CONNECTOR 
_ CLOCK INTERFACE HSYNC 4, FEATURE CONNECTOR 
WITH INTERNAL MUX CLOCK VSYNC 


. EXTERNAL MUX 8:1 INTERFACE RPLT 
. EXTERNAL MUX 4:1 WPLT 





FIGURE 13. WD90C30 INTERFACES 





a 
16-96 2/11/92 tf 


APPENDIX B - WD90C30 INTERFACES 


B.2 8-BIT PC AT INTERFACE WITH 8-BIT 
BIOS 


WD90C30 


BIOS. The system data bus SD(7:0) and address 16 
bus SA(19:0) are shown along with associated 


Figure 14 shows a block diagram of the WD90C30 _—buffers and BIOS ROM. 
with eight-bit PC/AT interface using eight-bit 


SA16 
A [23:0] 


SA [15:0] 


SD [7:0] 


27256-15 


WD90C30 





EBROM 
DA [15:0] 
A16 

A [23:17] 


if 
CE 


244 


245 


G 3 DIR 


O1 





FIGURE 14. 8-BIT PC AT INTERFACE WITH 8-BIT BIOS 
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B.3 16-BIT PC AT INTERFACE WITH 8-BIT the processor data bus SD(15:0), and the system 


BIOS 


address bus SA(19:0) are shown. Associated ad- 


Figure 15 illustrates 16-bit PC/AT interface with an | dress and data bus buffers and BIOS ROM are 
eight-bit BIOS using WD90C30. For 386 systems, So shown. 


SA16 
LA [23:17] 


SA [15:0] 


SD [7:0] 
SD [15:8] 


RESET 
AEN 
REFRESH 
SMEMW 
SMEMR 
SIOR 
SIOW 
IRQ 
SBHE 
MEMCS16 
1OCS16 


ALE 
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ie 
i 244 














IRQ 

BHE 
MEMCS16 
lOCS16 
ALE 





FIGURE 15. 16-BIT PC AT INTERFACE WITH 8-BIT BIOS 
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B.4 16-BIT PC AT INTERFACE WITH 16-BIT 


BIOS 


Figure 16 describes a 16-bit PC/AT interface with 
16-bit BIOS ROM implementation using the 
WD90C30. The system data bus SD(15:0), ad- 


27256-15 


27256-15 


WD90C30 


dress and data bus buffers are presented. Also, 
MEMCS16 implementation is limited to certain 
bus speeds since SA15 and SA16 are used for 
the 16-bit BIOS. Refer to Figures 18A/B for 286- 
based systems. 


WD90C30 


EABUF 


DIR 
ROM16 
EDBUFL 


EDBUFH 
RSET 
EIO 
EMEM 


MEMCS16 
lOCS16 





FIGURE 16. 16-BIT PC AT INTERFACE WITH 16-BIT BIOS 
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B.5 16-BIT MICRO CHANNEL 


Figure 17 illustrates the WD90C30 and 16-bit 
Micro Channel interface. 3C3.D0H is output of 
Port 3C3H Bit O VGA Subsystem Enable Register. 


WD90C30 


SA16 A16 


SA [23:17] A [23:17] 
DA [15:0] 


SA [15:0] 


SD [7:0] 
SD [15:8] 


DIR 
EDBUFH 
EDBUFL 


RSET 
ElO 


SBHE 
CDDS16 1 MEMCS16 


CDSETUP lIOCS16 
ALE 





FIGURE 17. 16-BIT MICRO CHANNEL INTERFACE 
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B.6 WD90C30 INTERFACE FOR 286 OR 386 
BASED SYSTEMS 


To interface the WD90C30 Version B with an 8-bit or 
16-bit AT bus, additional external logic is required as 
shown in the upper half of Figure 18-A. To interface 
with only a 16-bit AT bus, the implementation 
illustrated in the lower half of Figure 18-A is 
recomended for both WD90C30 Versions A and B. 


LA(23:20). 


SA(19:17) 
LA(19:17) 


To interface the WD90C30 Version A with an 8-bit 
or 16-bit AT bus in systems that do not meet the 
hold time of LA address valid from the falling edge 
of MEMR or MEMW, pull MD8 down and connect 
LA addresses and SA addresses as shown in 
Figure 18-B. 


WD90C30 


Internal 
pull up 


8 OR 16 BIT INTERFACE (Version B) 


WD90C30 


Internal 
pull up 


DA(15.0) 


EABUF 


16 BIT INTERFACE (Versions A and B) 


* Note: MD8 (CNF_11) is pulled up internally at power-on-reset. 
LA(23:17) is internally latched by ALE. 





FIGURE 18-A. WD90C30 INTERFACE FOR 286 OR 386-BASED SYSTEM 
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WD90C30 


External 


MD8 pull down 


(CNF_11) 


LA19/SA19 A22 
LA18/SA18 A21 


LA17/SA17 A20 
SA(19:0) A(19:0) 


go 


SA(15:00) DA(15:0) 


EABUF 


Note: MD8 (CNF_11) is pulled down at power-on-reset. This configuration is recommended 
for interfacing with 8-bit and 16-bit AT buses. For an 8-bit interface, A23 should be 
connected to SA(19:17) on the AT bus. For a 16-bit interface, LA(23:17) must be 
connected to generate MEMCS16. 


8 OR 16 BIT INTERFACE (Version A) 





FIGURE 18-B. WD90C30 VERSION A- INTERFACE FOR 286 OR 386-BASED SYSTEMS 
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WEO 
MD [7:0] 
256K by 4 


WD90C30 


OE 


WE1 
256K by 4 
MD [15:8] 


eae 


MA [8:0] 


WE2 
256K by 4 


MD [23:16] 


256K by 4 


Me) 


MD [31:24] 





Optional 


Note: Only MD [15:0] will be used if four 25K by 4 
DRAMs are installed. 


FIGURE 20. FOUR OR EIGHT 256K BY 4 DRAM INTERFACE 
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B.7 WD90C30 WITH RAMDAC INTERFACE 16 
Figure 21 illustrates the WD90C30 and RAMDAC 

(WD90C50) interface block diagram for analog 

monitors. 





SD [70] 


VCC 
RAMDAC 


VREF 


R1 
é FSADJ 


PCLK 
VID [7 0] 
BLANK 





FIGURE 21. WD90C30 WITH RAMDAC INTERFACE 
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B.8 WD90C30 AND TTL MONITOR 
CONNECTIONS 


Figure 22 illustrates the WD90C30 and TTL 


monitor connections 


NOTE: 


¢ VGA/TTL switch may be used to disable 
HSYNC and VSYNC for analog or TTL 


Video connector. 


WD90C30 


VCLK1 
/RESET 


36 MHZ 
28.322 MHZ 
29.175 MHZ 


16.257 MHZ —_________y», 


VGA/TTL 
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¢ MD(15:12) may also be connected as the 
EGA switches if desired. See PR Register 
and Pinout sections for more detail. 

¢ For AT applications using the WD90CS30, 
install the IRQ9 resistor. 

¢ Transistor 2N2222A is used to emulate a 
monochrome and color display’connection. 


TO VIDEO 
CONNECTOR 


HSYNC 
VSYNC 


SEC RED 
SEC GREEN/INTENS 
SEC BLUE/VIDEO 

E 


GROUND 


FIGURE 22. WD90C30 AND TTL MONITOR CONNECTIONS 
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B.9 CLOCK INTERFACE The Configuration register Bit 3 (MD3) should be 
Figure 23 illustrates the WD90C30 with external tied low to make the WD90C30 signal pins 
oscillators at the clock pins configured as inputs.  (VOLK1, VCLK2) inputs. 

The clock selection is determined by register 

3C2H Bit 3 and Bit 2 and is described by the table 

below: 


3C2H 3C2H CLOCK SELECTION 
BIT 3 BIT 2 





VCLKO VCLK 
MCLK MCLK 
VCLK1 SELE 


VCLK2 VSEL2 VSELO 
USRO VSEL3  VSEL1 


WDS90C30 ICS90C63 





FIGURE 23. CLOCK INTERFACE 
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IMPLEMENTATION 


The Shadow Register has been implemented on 
some of the CRTC registers. The purpose of 
using the shadow register is to have one CRTC 
register that is writable and readable all the time 
by application programs without actually changing 
CRTC timing. The actual CRTC timing registers 
are initialized and locked while using the shadow 
register for compatibility. 


HORIZONTAL TIMING 


DESCRIPTION 


BITS 


ADDRESS LOCK 
375.00 
375.02 
375.03 
375.05 
375.04 
375.05 
375.03 


375.05 







ADDRESS 
375.06 
375.07 
375.10 
375.07 
375.11 
375.15 
375.07 
375.09 
375.16 
Note: 





Group 3: Registers will be locked if PR3(0) = 1 


PR3. 


[50+ Group? —~| Bts9e0fvTSSSCSC~C~S 


Group 0: Registers will be locked if PR3(5) = 1 or 375.11H bit 7 = 1 
Group 2: Registers will be locked if PR3(0) = 1 or 375.11H bit 7 = 1 


Group 0, 2, 3 registers listed above will be locked if PR1A = "xxxxx101", regardless of the contents of 


The Horizontal Display End and the Vertical Display End registers are not shadowed. 


APPENDIX C - SHADOW REGISTER IMPLEMENTATION 


Registers are added to the following CRTC 
registers. The shadowed registers can be locked 
by writing "XXXXX101" to PR1A(3?75.3DH). This 
lock overrides any other locks. Then by setting 
PR1A Bit 3 = 1, this will select the shadow register 
for read. 


















TABLE 18. SHADOW REGISTER IMPLEMENTATION 
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D .0 APPENDIX D - SIGNATURE 
ANALYZER 


A signature analyzer was designed for use in the 
WD90C30. The primary purpose of the signature 
analyzer is to aid in IC test and board level test. The 
signature analyzer allows the video output path to 
be included in diagnostics. Signature analysis is a 
method of compressing large amounts of data to be 
compared. Each video frame (video data and mode 
dependent) has a unique signature capable of 
detecting single bit errors. 


D.1 DESCRIPTION 


The basis of the signature analyzer is a linear 
feedback shift register (LFSR). The inputs to the 
LFSR tap onto the VID_[0:7] output of the IC. The 
signal path of the video outputs is not modified by 
adding the signature analyzer. A block diagram is 
shown below. The primary variables in designing 
a signature analyzer are length of the shift register 
and the feedback terms to be used. The length 
will affect the probability of masking an error. The 
chance of masking an error is approximately 1/2”, 
where n is the length of the shift register. A 16-bit 
signature register is used on the WD90C30. 
Selection of an optimal feedback polynomial will 
depend on the type of errors expected. The CRC- 
CCITT polynomial (x'® + x'? + x° +1) has been 
implemented on the WD90C30. It was modified 
for multiple inputs as shown in the block diagram. 


D.2. OPERATION 


The signature analyzer was designed to collect sig- 
nature of the VID [0:7] outputs over one vertical 
frame. The signal path of the VID_[0:7] has not been 
altered. The signature analyzer register (LFSR) is 
enabled at the falling edge of the internal VSYNC 
(before polarity selection) if the start bit is high. The 
following rising edge of the VSYNC signal will dis- 
able the LFSR. In the case of interlaced operation, 
signature is collected from the beginning of the even 
field to the end of the odd field. The signature 
analyzer contains a 4-bit control register PR19 (ad- 
dress 3?75.3FH). Power-up-reset clears this register 
to OOH. This register has both read and write locks. 
The read lock originates from PR10 Bits 7 and 3. 
The write lock originates from PR10 Bits 2 through 
0. PR10 also serves as the lock for other registers. 


WD90C30 


V 


V_5 


V_4 


G 





FIGURE 24. LINEAR FEEDBACK SHIFT 
REGISTER 
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BIT ——_—i'| FUNCTION’ | READ/WRITE | DESCRIPTION 


BIT 0 Start/status Writing "1" to this bit position enables the signa- 
ture analyzer to collect a signature at the falling 
- al 




















edge of the next vertical sync pulse. This bit may 
be read to check status if the read lock is dis- 
abled. 

1: Busy 

0: Finished or not enabled 


Writing "0" to this bit position preloads the LFSR 
with 0001H. This bit must be set to operate the 
signature analyzer. 

1: Normal operation 

0: Preload LFSR 



























IT 2 Disable Video | R/W This bit is used in a self-test mode. A fixed signa- 
Input ture will be generated for any given mode (inde- 
pendent of video memory data). 
1: Disable video inputs 
0: Enable video inputs 
IT 3 Lock Read — R/W This bit must be set in order to read the signature 
Port and status. 


1: Enable read of LFSR (addresses 375.20H and 
375.21). 
0: Disable reads of LFSR 


TABLE 19. CONTROL REGISTER PR19 


The following programming steps highlight the sequence that will setup, check, and read the signature. 
Step 1) 85H-> 375.29H; release control register (PR10) read and write lock 
Step 2) OOH-> 375.3FH; clear signature analyzer 
Step 3) O3H-> 375.3FH; enable signature analyzer to collect signature 
) 


Step 4) read 375.3FH; check status for busy 
if LSB = 1 repeat step 4 
if LSB = 0 signature is collected, proceed to step 5 


Step 5) OAH-> 375.3FH:; enable signature analyzer read port 
Step 6) read 375.20H; read low byte of signature 
Step 7) read 375.21H; read high byte of signature 

) 


Step 8) OOH-> 375.3FH; clear signature analyzer and lock read port. 
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E.0 APPENDIX E - /O MAPPING 
E.1. INTRODUCTION 


The I/O Mapping was designed for use in the 
WD90C30 to isolate board level solder defects. 
The I/O Mapping allows the IC to enter a test 
mode where all of pins in the IC are divided into 
various groups as inputs and output. The path 
from PCB trace through inputs, IC, output and 
PCB trace can be treated as a simple path. With 
test points on board, test for opens and shorts can 
be performed quickly. 


E.2 TEST MODE 
There are four requirements to meet for the 
WD90C30 to enter the I/O mapping test mode . 

¢ MWR is LOW 

¢ IOR is LOW 

¢ CONFIGURATION SWITCH 2 is HIGH 

(MD2 is pulled high) 
¢ RESET is HIGH 


WD90C30 


If both MWR and IOR are low at the same time, it 
becomes an illegal condition in AT machines and 
a reserved condition in the PS/2 machines. Con- 
figuration switch 2 high will ensure that WD90C30 
is in AT mode. Reset controls a transparent latch 
as shown in Figure 25. Reset can be dropped low 
to latch the test mode. All the bidirectional pins 
are forced to input mode when in the test mode. 


E.3 PIN GROUPINGS 


The following pin groupings are done to minimize 
routing overhead of I/O pin mapping. Multiple 
input pins in a row are ORed together to the out- 
put shown in the following table. The input column 
lists the input pin number(s) along with the signal 
name(s). The output column lists the output pin 
number along with the pin name that corresponds 
to the input pin(s). 





FIGURE 25. TEST MODE CIRCUIT 
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NAME 
P19 + P24 + P3t P27 
P21 + P25 + P32 P28 
P22 + P26 + P33 P30 
P23 + P34 + P43 MD19 + MD12 + MD6 

P37 + P42 +P46 
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P63 + P68 MAG 
P64 + P69 + P72 MA5 


A7 
A8 


P66 + P73 + P86 A21 + ALE + ROM16 


P70 + P77 + P80 lIOCS16 + IOW + 
RESET 

P90 + P93 + P95 DA15 + DA12 + DA10 

P79 + P89 + MWR + A16 


P75 + P78 + P88 EMEM + MRD + 


EDBUFH 


P76 + P77 P100 
P96 + P101 DAQ + DA7 P115 
P98 + P103 P113 ATL 


TABLE 20. WD90C30 PIN SCAN MAP FOR 132-PIN PACKAGE 
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INPUT PINS OUTPUT PINS 
P104 + P109 DA4 + EDBUFL P112 BLANK 
P105 + P107 DA3 + DA1 P110 VSYNC 
P106 + P108 DA2 + DAO P111 HSYNC 
P128 VCLKO P118 


P129 
P130 


Note: 
A "+" in the input column indicates an OR function for the test input pins only. 
*™ This mapping for DIR output is valid only during RESET HIGH. 





TABLE 20. WD90C30 PIN SCAN MAP FOR 132-PIN PACKAGE (Continued) 


Refer to Table 3 for the comparable pin number for a 144-pin package. 





73 2/11/92 16-113 


WD90C30 APPENDIX E - I/O MAPPING 
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FIGURE 26. WD90C30 PIN SCAN MAP FOR A 132-PIN PACKAGE 
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F .0 APPENDIX - F 


The WD90C30 design is based on the popular 
WD90C11 design. Please refer to the WD90C11 
data sheet for more informaton. This appendix 
highlights the major differences between the two 
devices. 


F.1 REGISTER DIFFERENCES BETWEEN 
WD90C30 AND WD90C11 


PR30 Write Buffer and FIFO Control Register, 
Read/Write Port = 3C5H, Index = 10H 


The register also exists in WD90C11. In the 
WD90C30 chip, the definition of this register is the 
same except for Bits 7, 6, 5, and 3. All bits are 
reset to zero at Power-On-Reset (POR). 







WD90C30 


Bit (7:6) 


VALUE FUNCTION 
| 76 | 00 | One-level write buffer 
Two-level write buffer 


7-6 10 Three-level write 
buffer 


Four-level write buffer 


NOTE: Write buffer is turned on by setting PR31 
(3C5H INDEX 11H) Bit 2 = 1. Otherwise, these 
two bits have no effect. 











WD90C30 - FEATURES WD90C11 - FEATURES 


Multiplexed CPU address and data 


Programmable CPU address decoding to 
map VGA anywhere in the CPU address 
space. 


16-bit or 32-bit video memory interface 
Support for 1 Mbyte of memory 

Support for four or eight 256K by 4 DRAM 
1024 by 768 resolution in 256 colors 


Four levels of CPU write cache 


11-bit vertical counter 
Support for 6 to 16 pixel-wide fonts 


Support for two, four or eight 64K by 16 
DRAMs 


Zero wait state generation 
CRTC shadow registers 


Video output signature and pin mapping for 
system level testing 





Separated CPU address and data buses. 


Fixed CPU address decoding (OA000 - 
OBFFF) 


8 or 16-bit video memory interface 
Support for 512 Kbytes of memory 
Support for two or four 256K by 4 DRAMs 
800 by 600 resolution in 256 colors 

One level of CPU write cache 

10-bit vertical counter 

Support for 6 to 8 pixel-wide fonts 


TABLE 21. WD90C30 FEATURES / WD90C11 FEATURES 
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VALUE FUNCTION 


8-level screen refresh 
FIFO. 
4-level screen refresh 


FIFO. 


VALUE FUNCTION Bl 


T 
32-bit display 2 
memory interface 

er 3 


1 16-bit display 
memory interface. 
VALUE FUNCTION 
Enable word transfer 
in planar modes. 
1 Disable word transfer 
in planar modes. 
VALUE FUNCTION 
0 8-Level or 4-level 
| rete Fialleel ea Generate FIFO re- 
epending on Bit 2. quest when FIFO is 
1 2-level screen refresh four levels empty. 
FIFO regardless of bit 
2. 









Generate FIFO re- 
quest when FIFO is 
one level empty. 


Generate FIFO re- 
quest when FIFO is 





two levels empty. 


Generate FIFO re- 
quest when FIFO is 
three levels empty. 


BIT 
3 
3 
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F.2  PR33 DRAM TIMING AND ZERO WAIT 
STATE CONTROL REGISTER, READ/ 
WRITE PORT = 3C5H, INDEX = 13H 


This is a new register in the WD90C30. 
Bits (7:6) 


OWS = 0 if the internal 

write cache is ready. 
ae 
a 


OWS = 0 if the internal 
write cache is ready 

Bit 5 

Reserved 










AND memory address 
is decoded. 


OWS = 0 if the internal 
write buffer is ready 
AND memory address 
is decoded AND 
MWR = 0. 


OWS = 0 if the condi- 
tion "1, O" is true OR 
I/O address is 

decoded. 



















Bits = 


CAS cycle is 2 

Mclocks. 

CAS low is 1 Mclock 
+ (4-7) ns. 

CAS high is 1 Mclock 
- (4-7) ns. 


CAS cycle is 2 
Mclocks. 
CAS low is 1 Mclock 


+ (8-14) ns. 
CAS high is 1 Mclock 
- (8-14) ns. 


CAS cycle is 2 
Mclocks. 

CAS low is 1.5 
Mclocks. 

CAS high is 0.5 
Mclocks. 





WD90C30 


CAS cycle starts 3 


Mclocks after RAS 
low. 


CAS cycle starts 2 
Mclocks after RAS 
low. 





Bits (1:0) 


1-0 RAS high is two and 
half Mclocks plus a 4- 
7 ns delay. 

1-0 01 RAS high is three 
Mclocks wide. 

1-0 10 RAS high is two 
Mclocks wide. 

1-0 11 RAS high is two and 
a half Mclocks. 

F.3  PR34 VIDEO MEMORY MAPPING 


REGISTER, READ/WRITE PORT = 3C5hH, 
INDEX = 14H 










Bits (7:0) 


BITS FUNCTION 


The contents of these four bits are 








compared with the CPU address 
A_[23:20] as part of the video 
memory address decoding. This 
will allow the VGA to be mapped 
out of the lowest 1Mbyte of CPU 
memory space. This register will 
not affect the ROM16 decoding. 
ROM16 will still decode at 
A_[23:20] = OH. 
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F.4 $PR1 MEMORY SIZE REGISTER, 
READ/WRITE PORT = 3CFH, 
INDEX = OBH 


Bits (7:6) 


VALUE FUNCTION 
7-6. Same as 1C.IBM 256 
Kbyte VGA. 
7-6 01 Same as 1C.256 
Kbyte Paradise VGA. 
7-6 10 Same as 10.512 
Kbyte Paradise VGA. 
7-6 11 1024 Kbyte Paradise 
VGA. 














Bits (5:4) 
VALUE FUNCTION 

5-4 00 IBM memory mapping. 
Decode memory ad- 
dress range is from 
AQOQOOH - BFFFFH 
depending on register 
Bits 3 and 2 (3CFH 
Index 06H). 
Decode memory ad- 
dress range from 
OO000H - 3FFFFH 
(256K total). 


Decode memory ad- 
dress range from 
OOOOH - 7FFFFH 
(512K total). 


Decode memory ad- 
dress range from 
OO000H - FFFFFH 
(1 M total). 













| 10 
. 
Bits (3:0) - . 
BITS FUNCTION 
Enable Alternate Address Offset 
Register PROB. 


oa 
a 





ROM Data Width 
BIOS ROM Map Out 
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Bit 3 . : ro 
Enable Alternate address Offset Register PROB 


Bit 2 

Enable 16-bit bus for Video Memory. When set to 
1, MEMCS16 is asserted for all video memory 
cycles. 


Bit 1 
0 = BIOS ROM has an 8-bit data path. 


1 = BIOS ROM has a 16-bit data path from 
C000:0H - DFFF:FH, if bitO = 0. (ROM16 
' responds to ROM access). 





A pull-down resistor on MD(10) sets this bit to 1 
after power-on-reset. This bit can also be set to 1 
by an I/O write to PR1 register if CNF(1) = 1 (2 
ROMs). 


Bit 0 

If set to 1 the BIOS ROM is mapped out. Pull-up 
resistor latches bit 0 after power-up. A pull-up on 
MD(0) sets this bit to 0 at power-on-reset. 


F.5  PR22 SCRATCH PAD REGISTER, 
READ/WRITE PORT = 3C5H, INDEX = 8H 


This is anew register in the WD90C30. 


Bits (7:0) 
Scratch Bits 


F.6 PR23 SCRATCH PAD REGISTER, 
READ/WRITE PORT = 3C5H, INDEX = 9H 


This is a new register in the WD90C30. 


Bits (7:0) 
Scratch Bits : 
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F.7_ PROAAND PROB ADDRESS OFFSET 
REGISTERS, READ/WRITE PORT = 3CFH, 
INDEX = 09H AND OAH 


Bit 7 
This bit is the 7th memory address offset bit. 


Bits (6:0) 
Primary/Alternate Address Offset Bits. 


The WD90C30 is capable of controlling up to 512 
Kbytes of display memory. However, DOS only 
assigns 128 Kbytes of total memory space for the 
display memory, starting at AQOOOH and ending at 
BFFFFH. For VGA to reach the memory beyond 
this range, the WD90C30 has two CPU address 
offset registers, PROA and PROB. These 
registers can be used to support more than 128 
Kbytes of linear display memory address space. 


The Contents of PROA (bits 6:0) or PROB (bits 
6:0) are always added to the CPU address 
A(18:12) before they are translated to display 
memory address. This is similar to the segment 
registers DS and ES in the 8088/80X86 architec- 
ture. PROA and PROB provide a 4 Kbyte seg- 
mentation of the display memory. Increment 
PROA or PROB by one of its equivalents to jump 
a 4 Kbyte segment to another 4 Kbyte segment of 
the display memory. 


Both PROA and PROB are set to zero at power- 
on-reset. 


There are two ways to control whether PROA or 
PROB get added into the CPU address. 


1. Sequencer Extention Register 3C5H Index 
11H bit 7 = 0. 


PROA is the primary offset register being added to 
the CPU address. PR1, bit 3 enables PROB which 
becomes the secondary offset register. 


lf Graphics Controller Index 6H bits 3:2 = 00, 
A000:0H for 128K, and PR bit 3 = 1, then PROA 
offsets the CPU address from BO000:0H to 
BFFF:FH while PROB offsets the CPU address 
from A000:0H to AFFF:FH. 


If Graphics Controller Index 6H, bits 3:2 = 01 
(A000:0H for 64K), and PR1 bit 3 = 1, then PROA 


WD90C30 


offsets the CPU address from A800:0H to 
AFFF:FH, while PROB offsets the CPU address 
from A0Q00:0H - A7FF:FH. 


2. Sequencer Extention Register 3C5H Index 
11H bit 7 = 1. 


Both PROA and PROB are enabled. PROA is 
selected as the offset register unless a CPU 
memory write selects PROB as the offset register. 


F.8 PR17 MISCELLANEOUS CONTROL 
REGISTER, READ/WRITE 
PORT = 3?75H, INDEX = 30H 


Bits (7:6) 
Reserved. 


Bit 5 


err | vauve | FueTion 


No effect. 


In text mode, if PR2- 
Bits 2 and 3 = 11, 

then the 10-dot font is 
selected. Otherwise, 
ithas no effect. 











40 | Neste 
| 


PCLK is divided by 






FUNCTION 
Map Out 4K BIOS ROM 


Enable 64K BIOS ROM 
Hercules Compatibility 





Bit 3 
Map out 4K of BIOS ROM. 





Ye 
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Setting this bit to 1 disables access to the BIOS 
ROM in the system address range C600:0H - 
C6FF:FH. 


Power on reset sets this bit to 0. 


Bit 2 
Enable 64K BIOS ROM. 


Setting this bit to 1 enables access to the BIOS 
ROM in the system range C000:0H - CFFF:FH. 


Power on reset sets this bit to 0. 


Bit 1 
Setting this bit to 1 locks Hercules compatibility 
register (I/O Port 3BFH). 


Power on reset sets this bit to 0. 


Bit 0 
Map out 2K of BIOS ROM. 
Setting this bit to 1 disables access to the BIOS 


ROM in the system address range C600:0H - 
C67F:FH. 


Power on reset sets this bit to 0. 


F.9 PR18 VERTICAL TIMING OVERFLOW 
REGISTER, READ/WRITE 
PORT = 325H, INDEX = 3EH 


Bits (7:0) 


(4 | tine compare BRI. 
a 










Vertical display enable end Bit 10. 
Vertical total Bit 10. 





F.10 WD90C30 - NEW CONFIGURATION BITS 


The WD90C30 provides three new bits in addition 
to the configuration bits that are standard with the 
WD90C11. The following configuration bits are set 
during power-on-reset. A pull-down resistor on the 
corresponding MD bits will cause a configuration 
bit to be set low. Otherwise, configuration bits are 
high. 


Configuration Bit 18 


0 = The ROM16 pin is an input. ROM16 
becomes EXBLANK. 





1 = The ROM16 pin is an output pin. 


Configuration Bit 16 
0 = 64K by 16 DRAM 


1 = 256K by 4 or 256K by 16 DRAM 
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PACKAGE DIMENSIONS WD90C30 


G.0 PACKAGE DIMENSIONS 
Figure 27 illustrates the 132-pin PQFP package __lustraes the 144-pin MQFP package showing the 








showing the dimensions in inches. Figure 28 il- | dimensions in millimeteres and inches. 
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OPTION - C - 

OPTION - A - OPTION - B - 
FIGURE 27. 132-PIN PQFP PACKAGE DIMENSIONS 
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SEATING 
PLANE 


144 139 133 127 121 


- ae ee FO eee ae ead oor 
All LID L aa at PUL I -— SEE DETAIL "A" 


O 


PIN #1 ID ____ £220 min 380 max 
—T.609 min 015 max 


TUCTT ARETE Tee FET 


TT 
317 min 


37 42 48 60 66 8 min 


SIDE VIEW 


22.75 REF. 
D1 $96 REF 


D2 27.90 min. 28.10 max. 
1.098 min. 1.106 max. 


p3 30.95 min. 31.45 max. 
1.218 min. 1.238 max. NOTE 


: P 
460 REE pa 22.75 REF. The eimenoers = shown as 
062 REF a .896 REF. millimeters 

950 max ___650_min inches 


~~ 037 max 026 min p5 27.90 min. 28.10 max. Scale None 
1.098 min. 1.106 max. 


DETAIL "A" pe 30.95 min. 31.45 max. 
Scale None 1.218 min. 1.238 max. 





FIGURE 28. 144-PIN MQFP PACKAGE DIMENSIONS 
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